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RUSSELL HENRY CHITTENDEN 

FEBBUAnY 18, ISSC-DECEMBEU 20, 1943 
A}i Appreciation 

Aliy account of the development of the science of nutrition must 
mention the name of Chittenden and the contrihiitionB ho made during 
his 50 years of activity at Yale, the first 3 ns a student, the next 7 as 
an instructor, and then 40 years as professor of physiological chemistiy. 
He ivas the first man to hold such a post in America and to direct the 
first laboratory in this countrj' devoted to this science. For 24 years 
he also served as Director of the Sheffield Scientific School, from ivliich 
position he retired in 1922 ivhen he had reached the age of C5. It ivas 
his good fortune to he with ns for 23 years more and thus to be able 
to see in a long post-retirement period numerous striking developments 
in many phases of the science of physiological chemistry which he had 
helped to establish. He died on December 2C, 1943. It is fitting that 
the pages of The Journal of Nutrition carry an appreciation of the 
contributions which Chittenden made as a scientist and of his traits 
as a teacher, and colleague. 

Russell Henry Chittenden was born in New Haven, Connecticut, on 
February 18, 1856, of parents with a lineage going back to a 'William 
Chittenden who emigrated to this country from Cranbrook, Kent, Eng- 
land,-- in 1639. His early education was received in the New Haven 
public schools, and his preparation for Yale obtained in a local private 
school. An early interest in the classics eventually was replaced by one 
in natural science and the study of medicine which led finally to matricu- 
lation in the Sheffield Scientific School. He gi-aduated at the age of 19 
with a B.S. degree, having offered a thesis entitled ‘‘Glycogen and 
Glycocoll in the Muscular Tissue of Pectens irradians.” This was pub- 
lished in the American Journal of Science and Arts and subsequently 
translated into German and published in Liebig’s Annalen der Chemie. 
The story of bow this paper favorably influenced Kiihne in 1878 to 
accept Chittenden as a student in the laboratory at the University of 
Heidelberg is well knoum to students of physiological chemistry who 
have read Chittenden’s monograph “The Development of Physiological 
Chemistry in the United States” published 8 years after his retire- 
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ment from active duty at Yale.^ Tlie effect of Ms experience witli 
Kiiline ’sv'as destined to be evident over a period of years in the numerous 
papers emanating- from Chittenden’s laboratory. It will be remem- 
bered that we owe to Kiibne tbe word ‘‘enzyme” (in yeast), and that 
for many years Kiibne was much interested in problems of digestion. 
Between 1875 and 1883, Chittenden’s Laboratory of Physiological 
Chemistry published twelve papers; four more appeared in 1884, one 
of them written jointly with Kiibne and published both in German in 
the Beitschrift fiir Biologie and in English in the American Chemical 
Journal. Eleven more papers were published in 1885, seven of which 
dealt -with various aspects of starch and protein digestion and may he 
regarded as reflecting the association -with Kiiline. One can go through 
all of the volumes of collected papers Issued in those earlier years and 
find numerous examples of this continuing influence of Heidelberg. 

Prof. Lafayette B. Mendel, one of Chittenden’s pupils, frequently told 
his students how, in the few years prior to 1901 when Cohnheim an- 
nounced the discovery of eropsin, Chittenden put many of his students 
to work on the problem of the fate in the body of the proteoses and 
peptones knorni to result from peptic and tryptic digestion. Tlic fail- 
ure to find these compounds in the blood led to the formulation of vari- 
ous hypotheses. One was that during absorption these compounds arc 
combined in various ways to produce the proteins in the circulating 
blood. In vitro attempts were made to simulate the conditions prevail- 
ing in the intestines, such as peristalsis, movement of villi and the like. 
Mixtures of proteoses and peptones were placed in parchment bags, 
Mo bags immersed in appropriate fluids and then moved in various 
svays; after varying periods analyses were made of tbe fluid.? both 
inside and outside tbe bags. No evidence could be obtained supporting 
Me idea of a recombination of proteoses and peptones to form larger 
protein complexes similar to those known to occur in the blood. The 
discovery of erepsiii by Conheim in 1901 of coui’se changed tbe entire 
point of view and approach to tlie basic problem, and focussed atten- 
tion on the amino acids and relatively simple peptides. 

Students of nutrition remember Chittenden chiefly for Ms work and 
ideas on the amount of protein needed for maintenance of the liuman 
adult. He was led to study tMs problem by the claims being made in 
1902-03 by Mr. Horace Fletcher, wbo advocated that each mouthful 
of food sljould 1)0 chewed tbirh'-two times or more before being swal- 
lowed. Fletcher believed that by following his particular health regime 
he had found it possible to thrive on smaller amounts of food than most 
people commonly used. Chittenden took kindly to the idea that too 

n. CIiitteiKicn, “The DeeeJopment of Physiologica) Chemistn- in the TJiiited St.-ites,’’ 
ji American CItcmical Socictv Monograpli Series. Oiemical Catalogue Co,, Xerv York, IMO. 
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great a consumption of protein vitb its ntteiidant excretion of larger 
amounts of nitrogen metabolites tbrongb tbe kidney may mean impos- 
ing a greater physiological strain on the kidneys. As a scientist be 
saw that tbe problem might be studied through experiments aimed at 
determining tbe state of tbe nitrogen balance in men subsisting on 
low levels of protein intake. He therefore conducted nitrogen equili- 
brium experiments on himself and four of his colleagues, eight college 
students and thirteen volunteers from the U. S. Army. He found that 
nitrogen equilibrium could be maintained with a daily intake “one- 
half of the 118 gm. of proteide food called for daily by the ordinary 
dietary standards.” The ordinary standard referred to here was the 
Voit standard. Chittenden also concluded that “body equilibrium can 
bo maintained on far less than 3,000 cal. per day by the brain worker.” 
These studies were reported in “Physiological Economy in Nutrition” 
published in 1905. They were then extended to include experiments on 
the dog, and reviewed in lectures given before tbe Lowell Institute in 
Boston in the early part of 1907 and published in the volume entitled 
“The Nutrition of Man.” 

Chittenden’s distinguished position in the scientific woi'ld led to 
several interesting calls to public service. He was appointed by Presi- 
dent Theodore Roosevelt to membership on the famous Remsen Referee 
Board asked to pass on tbe question whether sodium benzoate in foods 
is toxic. This board subjected Wiley’s claim of toxicity to the rigors 
of laboratory experimentation and arrived at a negative answer. Dur- 
ing AVorld War I Chittenden served ns a member of the executive 
committee of the National Research Council. During and after the 
war he and Graham Lusk visited Europe as representatives of the 
United States to meet with the Inter-Allied Scientific Food Commission. 
Lusk ‘ has written how : 

In the winter of 1918 Chittenden and I went to Europe . . . under 
instructions from our Government to reduce the food requisitions upon 
the United States to a minimum. The Food Committee of the Roval 
Society had adopted 3000 utilizable calories per day as the requirement 
of an average man doing an average day’s work, and at tlie Paris meet- 
ing of the Inter-Allied Commission their representatives were inflexible 
in holding to this position. Before one of the meetings, while walking 
over the Pont Royal which took us to the left bank of the Seine, Chit- 
tenden said to me, ‘Lusk, we are here to aid these suffering peoples to 
the maximum of our power.’ A few minutes later he said before the 
startled commission, ‘If you will not hear us we might as well go 
home.’ This led to the unanimous adoption of a modification of state- 
ment that read: It was agreed that in case this ration could not be 
provided a reduction of not more than 10% could be borne for some 
time without injury to health. 

'Graham Lush, “American Contemporaries — Bussell Henry Chittenden’’. Ind. Eng. Chem.. 
yol. 21, p. 91 (Jan.) 1920. 



^ Most of the present generation of students do not know of the part 
played by Chittenden in stimulating talented young men to enter medi- 
cine. Dr. John Howland, the noted pediatrician, stated that he received 
a greater stimulus from his course under Chittenden than was obtain- 
able in the medical schools of that day. Harvey Cushing had planned 
to study ai'chitecture, hut attendance on Chittenden’s courses diverted 
him into medicine. In addition to Howland and Cushing Lusk cites 
the following list of gi-eat teachers as having received their greatest 
stimulus from Chittenden: Theodore Janeway, E. P. Joslin, Samuel W. 
Lambert, Richard P. Strong, Joseph A. Blake, John A. Hartwell, Lewis 
A. Conner, L. B. ilendel, A. H. Richards and Gideon Wells. Chittenden 
would persuade a student to spend an extra year with him after gradua- 
tion and work in physiological ehemistiy. The effect of such a year, 
“shown by the record” as one might say, was certainly far reaching. 
As Lusk states it, “He built up the first true school of scientific endeavor 
concerned vuth the premedical education in this country; that is to 
say, he formed a group consisting of the master Mmself surrounded 
with jmpils who in their turn became masters.” His work was done in 
what was at one time the residence of IMr. Sheffield which had been 
converted into a laboratory. This old fashioned house, with one of 
its laboratories in what had been an art gallery and thus pro%uded with 
a skylight, to mention but one of its interesting features, was Chitten- 
den’s workshop. During his years as Director of the Sheffield Scientific 
School, he relinquished more and more the work of active teaching of 
courses and direction of graduate students to his colleague, Pi’of. 
Lafayette B. Mendel. It was his good fortune to live to see his own 
work on the significance of protein in nutrition carried forward in the 
discovery of essential amino acids by Osborne and Mendel, and of the 
significance of these compounds in nutrition and physiological chemis- 
try by a long list of workers too numerous to mention individually. He 
maintained a keen interest in these and related developments and was 
mentally alert until the very last. In his passing during his eighty- 
eighth year physiological chemistry and nutrition lost one of the Amer- 
ican pioneers. 


(G.R.C.) 



THE PRODUCTION OF HYPERCALCEMIA WITH SMALL 
AMOUNTS OP VITAMIN D > 


JAMES II. JONES 
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(Received for publication February 24, 11144) 


Over a decade ago in publications from this laboratory (Jones et al., 
’30; Jones and Rapoport, ’31) it was shown that the degree of hyper- 
calcemia produced in dogs by large doses of vitamin D was dependent, 
to a large extent, on the amount of c;ilcinm in the diet. The hyper- 
phosphatemia produced by excessive amounts of vitamin D, which 
is not so marked and is more irregular than the increase in serum 
calcium, appeared to ho loss dependent on the amount of dietary phos- 
phorus. It was concluded that the net absorption of calcium from the 
intestinal tract was increased by the vitamin and there was loss effect 
on the absorption of phosphorus. Harris and Innes (’31) observed 
that the toxicity of irradiated crgosterol was less on a calcium-low diet 
than on a diet containing liberal amounts of this element. Later, from 
studios on the fecal excretion of calcium and phosphorus, and on the 
absorption of those elements from isolated loops of the intestines, 
Nioholaysen (’37a, b), in agreement with our earlier work, concluded 
that vitamin D increased the absorption of calcium from the intestinal 
tract but had little effect on the absorption of phosphorus. 

ilore recently Schneider and Steenbock (’39) presented evidence 
to indicate that vitamin D acts by directing the phosphorus to the 
blood and gi'owing bone at the expense of phosphorus which would 
otherwise be used by soft tissues. They based their eonclusions upon 
the observation that vitamin D administered to rats on diets very low 
in phosphorus raised the level of inorganic phosphorus in the serum 
and increased calcification but reduced the rate of growth of the animals. 
They stated that the effect on growth was not due to toxicity of the 
vitamin as only small doses of the latter were given. They did not 
compare the levels of serum calcium in their vitamin-fed and control 
animals. Hypercalcemia invariably results from large doses of vitamin 

* The data included in this paper were presented in abstract form in Federation Proceed- 
ings 1943, vol. 2, p. 64. 
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D and is tlius a valuable guide in determining the extent of the toxic 
action of the vitamin. Small amounts of vitamin D have been found 
to produce a hypercalcemia when given to rats on the high calcium- 
low phosphorus type of rachitogenic diets (Jones, ’38). Freeman and 
j\reLean (’41) have also reported that dogs on a diet containing very 
small amounts of phosphorus developed a marked hypercalcemia even 
when no vitamin D was given. In our work with diets very low in 
phosphorus we have repeatedly observed that vitamin D given at 
ordinary therapeutic levels frequently produces an appreciable hyper- 
calcemia in rats. Following are the results of a detailed study of the 
factors concerned in the production of the hypercalcemia and the 
relation of the increase in serum calcium to changes in weight of the 
experimental animals. 


EXPERIMENTAL 

Albino rats were used as experimental animals and in the majority 
of cases were placed on the experimental diet at 25 days of age and 
continued on it for 21 days. At the end of this period the sera of several 
animals were pooled and anlayzed for calcium by the method of Clark 
and Collip (’25) and for inorganic phosphorus by the method of 
Kuttner and Cohen as outlined by Youngburg and Youngburg (’30). 
One wrist bone from each animal was stained with silver nitrate and 
examined for the extent to which rickets had developed. The right 
femur was removed and the percentage ash determined on the lipoid- 
free bone. The basal diet consisted of alcohol-extracted fibrin 18%, 
liver extract E - 2%, glucose (cerelose) containing 20 mg. of thiamine 
chloride per 100 gm. 1%, cottonseed oil 1%, and carotene-in-oil 3 drops 
per 100 gm. The salt mixture used in the basal diet was “salts 10” 
(Jones, ’39) at a level of 3% which supplied about 0.33% calcium. 
When moi’e calcium was desired it was furnished by additional calcium 
carbonate. Either dextrinized starch or glucose (cerelose) was added 
to make 100 gm. Wlien any source of vitamin D was given it was 
dissolved in cottonseed oil at such a concentration that the desired 
amount was supplied by 1 gm. of the solution in 100 gm. of the diet. 
This solution replaced the cottonseed oil of the basal diet. 

' The above diet contains about 0.02% phosphoru-s. The diet used by 
Schneider and Steenhock (’39) contained 0.04% phospborns. In some 
of the folloAving experiments the phosphorus content of the diet wa.= 
increa.sed to equal that in the diet of Schneider and Steenhock by 

’Tlio li'rtT C‘xU.^ct was furnished liv Dr. C. E. Graham of Wilson Laboratories, Chicago, 
Illinois. 
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replacing 1.5% of carbohydrate with an equal quantify of dried 
brewer’s yeast. The calcium content of the diet used by these authors 
was 0.57%. 

Experiment 1. 0.55% calcium, O.Oi^c phosphorus 

In the first experiment reported here (experiment 1, groups I and II, 
table 1) the phosphoi-us and calcium contents of the diet used were 
approximately equal to those of Schneider and Stcenbock. In addition 
to the basal diet the animals of group I were given 100 I.U. of vitamin 
D per 100 gm. of diet. The data presented under the heading of group I 
are the averages obtained from five different trials done at different 
times. In three of the trials the vitamin D was furnished in the form of 
irradiated ergosteroP and in the other two experiments ns pure 
crystalline calciferol.'' Group 11, which received no vitamin D, was 
composed of animals from the same litters as tho.se used in group I. 
Wlicn comparing groups I and II it is seen that on the average the 
animals receiving the vitamin supplement gained about § as much 
in weight ns the controls. The vitamin D, however, produced an in- 
crease in serum calcium of more than 2 mg. per 100 ml. of serum 
over that of the animals on the basal diet. Tiie level of phosphorus, 
although still considerably below normal, was increased slightly by 
the vitamin. There was also an increase in calcification as shown by 
the weight and percentage of femur ash. 

Experiment 11. 0 . 55 % calcium, 0 . 02 % phosphorus 

In the next experiment (experiment 2, groups III and W, table 1) 
the conditions were kept the same except that the phosphorus was re- 
duced to 0.02% by omitting the yeast. The results are very similar 
with the exception that the serum calcium of the vitamin-fed group 
(group III) was somewhat higher than in the corresponding group of 
the first experiment (group I). It is also to he noted that the animals 
of group III showed practically no groAvth during the experiment. 
The level of calcium in the serum of the animals on the diet without 
vitamin D was exceptionally high in this experiment. A certain degree 
of hypercalcemia invariably results in rats on the high calcium-low 
phosphorus diets, but the increase is usually not over 2 to 3 mg. per 
100 ml. of serum. 

® Kindly supjpUed by Mead Johnson and Company, Evansville, Indiana. 

* Supplied through the courtesy of Dr. 0. W. Barlow of Winthrop Chemical Company, Ino., 
Bennselaer, N, Y. 
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Expcrimctit III. 1 . 00 % calcium, 0.02% phosphorus 

To test furtliev the relation of dietni"}’ calcium to the hypercalcemia 
and the inhibition of growth produced by vitamin D on a diet low in 
phosphorus, another CNporimcnl was conducted in which the phos- 
phorus in the diet was maintained at a level of 0.02%, but the calcium 
Avas increased to 1.00%i. The results (table 1, experiment 3) are but 
little different from those obtained in experiment 2. The animals in 
the group receiving the vitamin (group V), showed a very slight loss 
of Aveight during the experimental period, and the serum calcium Avas 
slightly above that of the corresponding animals of the previous experi- 
ment. In spite of the very low phosphorus content of the diet and a 
calcium to phosphorus ratio of about 50:1 there Avas an unmistakable 
increase in calcification of the femurs ns shoAvn by both the Aveight 
and percentage ash. In experiments 2 and 3 the average gain in Aveight 
of the animals not receiving the vitamin supplement was about 10 gm. 
for the entire period of 3 Aveeks. This compares with about 20 gm. for a 
similar length of time on rachitogenic diets someAvhat higher in phos- 
phorus. 


Experiment IV. 0.33% calcium, 0.02% phosphorus 

As there Avas only a slight difference in the results Avhen the calcium 
Avas increased from 0.55% to 1.00% another experiment was carried 
out in which the calcium in the diet Avas reduced to 0.33%. TIhe results 
are given in table 1 (experiment 4, groups VII and ITII). In this 
experiment the addition of vitamin D did not inhibit groAvth. In fact, 
the average gain in Aveight for the animals receiving the A’itamin Avas 
somewhat more than that for the unsupplemented group. Similarly, 
Day and McCollum (’39), using a diet containing only slightly more 
calcium (0.40%) and Ioav in phosphorus, did not find that the growth 
of their animals was inhibited by vitamin D. It is also to be noted that 
the serum calcium for group VH was less than for any of the above 
mentioned groups which received vitamin D, and calcification, espe- 
cially as judged by Aveight of femur ash, appears to have been slightly 
less. 

Experiment V. 0.03% calcium, 0.02% phosphorus 

In the next experiment (experiment 5) a salt mixture containing 
no calcium was used in the basal diet and no calcium carbonate Avas 
added. This produced a marked inadequacy of calcium in addition 
to the deficiency of phosphorus. In spite of the Ioav calcium to phos- 
phorus ratio (approximately 1.5:1) these animals developed pro- 
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nounced rickets with a low serum phosphorus. The calcium deficiency 
was so severe that locomotion became difiicult and many of the animals 
lost weight and some died before the end of the 21-day experimental 
period. In the experiment reported (table 1, groups IX and X) the 
length of time that the animals were maintained on the deficient diets 
was reduced to 14 or 16 days. On this diet the addition of the vitamin 
produced no hypercalcemia, and the animals showed a greater gain in 
weight than in any of the other experiments. In experiment 4 it was 
noted that calcification seemed to be somewhat less than in the experi- 
ments in which more calcium was given. In experiment 5 the addition 
of the vitamin apparently did not increase calcification to any extent 
as judged by the weight or percentage of bone ash. This was also 
indicated, but to a less degree, by examination of the wrist bones after 
staining with silver nitrate. The failure of calcification at the meta- 
physes in these animals caiynot, however, be due solely to the low 
dietary calcium. It has been previously demonstrated (Jones and 
Cohn, ’36) that the rachitic metaphyses of the rat can become calcified 
on a diet practically devoid of calcium if ample phosphoims is provided 
in which case the serum phosphorus of the rat is high. In the present 
experiment both calcium and phosphorus were extremely deficient re- 
sulting in a serum calcium below normal and a very low level of phos- 
phorus. Under these conditions the vitamin was unable to increase the 
level of either element to the point where calcification would take place. 

Experiment VI. 1.00% calckmi, 0.01% phosphorus 
' In still another experiment (experiment 6, groups XI and XII) the 
phosphoTos of the basal diet was reduced to about 0.01^ by replacing 
the liver extract with sjmthetic vitamins of the B group.® The dietary 
calcium in this experiment was high. Again there was a marked in- 
crease in serum calcium in the vitamin-fed group, and the animals lost 
an average of 4.5 gm. in weight during the experimental period. 

Experivient VII. Effect of vmying dietary calcium on 
response of litter mates 

Although the individual variations between different experiments in 
some cases are small, it is interesting to observe that in the series 
of experiments thus far reported (experiments 1 to 6) the levels of 
serum calcium in the vitamin-fed groups, without exception, are in 

’100 gm. of the diet contained the follon-ing pure vitamins in the amounts indicated': 
Thiamine cldoride 200 Mg-, rihoSavin 200 fig., pj-ridoxine 200 Mg., pantothenic acid 1.2 mg., and 
nicotinic acid 1.2 mg. These compounds were all supplied by Merck and Company, Eahway, N. J. 
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reverse order to the gain in weight (average of each group) of tlic 
same animals. The relation of the amount of calcium in the diet to 
the degree of hypercalcemia produced by vitamin D and the relation 
of the hypercalcemia to growth is shovm vciy well in experiment 7. 
In this experiment rats from the same litters were given varying 
amounts of calcium in addition to the hasal diet containing 0.02% 
^ phosphorus. All animals were given the same amount of vitamin D. 
Here again the levels of serum calcium are in the same order as the 
amount of calcium in the diet and the changes in weight are in reverse 
order (table 1, gi-oups XIII, XIV, and XV). 

In the first experiment irradiated ergosterol and crystalline calci- 
ferol were used uith no appreciable difference in results. In several 
trials the activated form of 7-dehydrochoiestorol was used as the source 
of vitamin D in addition to a diet containing cither 0.55% or 1.00% 
calcium and 0.04% phosphorus. In general the results were the same as 
when vitamin Dj was used. That is, the vitamin produced a pronounced 
In’percalceniia and the extent to which growth was inhibited appeared 
to be related to the degi'ce of hypercalcemia. 

Experiment Vlll. Comparison of vitamins and A.T.-IO 

Considerable evidence has been accumulated to indicate that per mg. 
dihydrotaehysterol (A.T.-IO) is as effective in producing a hyper- 
calcemia under ordinary conditions as either vitamin Dn or D, but 
is a poor antirachitic agent. Several experiments wore carried out in 
which the effect of this material when given in connection with a diet 
very low in phosphorus was studied. In experiment 8 (table 1, groups 
XVt, Xm, XVni and IX) the activated form of 7-dehydrocholesterol 
(mtamin D3) was compared with dihydrotaehysterol in their effects 
on gi'owth and the levels of serum calcium. The 7-dehydrocholesterol 
was a commercial preparation ° which had been standardized in vitamin 
D units and, as is the case with irradiated ergosterol and calciferol, 
the dosage is expressed in units per 100 gm. of diet. The dihj'dro- 
taehysterol was also a commercial preparation in which the activity^ 
was expressed in mg. of crystalline dUrydrotachysterol per ml. of 
solution.’ The dosage in this case is expressed in micrograms per 100 

•The author is grateful to Dr. ,7. Waddell of E. I. duPont do Nemours and Company, 
New Brunswick, N. J., for the activated T-deliydroeliolesterol used in these studies. 

•“Hytakerol” of Wiuthrop Chemical Comp.any. According to the manufacturers this 
preparation contains the equivalent of at least 1.25 mg. crystalline dihydrotaehysterol per ml. 
It contains 110-120 vitamin D units per ml., and OU ml. raised the calcium in the scrum of 
rats (200 gm.) to 14 mg. per cent. 
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gm. of diet. Assuming 40,000 LIT. per mg. to be the value of either 
Da or Da, the dose of 100 I.tl. which was used in most of these experi- 
ments would be equivalent to 2.5 jtg. of the pure compound. Twenty- 
five pg, of dihydrotachysterol per 100 gm. of diet were given in ex- 
periment 9. In spite of this comparatively large dose there was little 
or no effect on either growth or the level of serum calcium. As usually 
measured, the hypercalcemio action of dihydrotachysterol, on^a weight 
basis, is approximately equal to that of vitamin Do or Da, whereas its 
antirachitic action is much less. In the present case its hyperealcemic 
action is also much less. This would indicate that the ability of vita- 
mins Da and D 3 to raise the sernm calcium to abnormal values under 
the conditions desciibed is associated mth their antirachitic action in 
contradistinction to their more or less sepai'ate action as hyper- 
ealcemie agents. 

DISCUSSION 

The above data indicate clearly that the administration of vitamin D 
to rats on a diet high in calcium and very low in phosphorus produces 
a pronounced hypercalcemia, and the degree of the resulting hyper- 
calcemia is dependent upon the amount of calcium in the diet. Furthei’- 
more, the inhibition of growth which accompanies the vitamin under 
these conditions is in turn dependent upon the hypercalcemia. It 
cannot be stated that the high level of serum calcium is the direct 
cause of the failure of growth. Schneider and Steenbock (’39) found, 
no increase in concentration of inorganic phosphorus in various soft 
tissues of their animals during the experimental period whereas there 
was an increase in the ash content of the bones. They interpreted 
this observation as additional evidence in favor of their theory that 
vitamin D directs the phosphorus to the bones at the expense of the 
soft tissues. We were able to confirm these results on liver and 
muscle tissue taken from a few of the animals used in the experiments 
described above. However, in neither Schneider and Steenbock ’s nor 
our experiments was a decrease in the phosphorus content of the soft 
tissues observed as a result of the administration of the vitamin. Since 
normally there is no increase in the concentration of phosphorus (mg. 
of P per gm. of tissue) in the soft tissues during the growing period, 
the above results are what might be expected. Also, as the animals 
were not increasing in size, no absolute increase in the amount of 
phosphorus in these tissues would be anticipated. On the other hand 
calcification of bone could very well take place in a young animal that 
was not actually gaining in weight. This calcification unquestionably 
is aided by the vitamin. The data presented above give additional 
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evicloiico in fnvor of the view tliat vitamin D increases the absorption 
of calcium from the intestinal tract, and that the resulting calcification 
is dependent upon the level of both calcium and inorganic phosphorus 
in the serum. In the e.xperiments in which a suflicient quantity of 
calcium was supplied in the diet the vitamin increased calcification 
although the level of serum phosphorus was still below what is gen- 
erally regarded as the rachitic level. In contrast to this, when a diet 
lower in calcium was given, there was less calcification oven though 
there was some increase in serum phosphorus. These observations servo 
to emphasize the importance of the interdependence of the levels in 
the serum of calcium and phosphorus in the process of calcification. 
Howland and Kramei- (’22) were the first to recognize this relation- 
ship and evaluated it as the product of the concentrations of calcium 
and inorganic phosphorns expressed ns mg. per 100 ml. of serum. 
Patwardhan and Sulditankar (’43) have recently directed attention 
to this phase of the subject. Increasing the caleium-pbosphorus product, 
by an increase in cither the level of serum phosphorns or calcium 
would result in gi'cator calcification. To this extent vitamin D might 
be considered as directing the phosphorns to the bone, but there is 
no evidence that the element is actually taken away from the soft 
tissues. In a previous puhlicntion from this laboratory (Jones and 
Rapoport, ’31) it was sho\ni that the nausea and vomiting in dogs 
caused by large doses of irradiated ergostcrol were not related to the 
amount of vitamin D administered but to the resulting hypercaloemin. 
In the experiments reported above the failure of growth in rats again 
appears to be associated dmectly with the degree of hypercalcemia 
produced and is probably the result of the toxic action of the high 
serum calcium. 

RU.MMAny 

The inclusion of one I.U. of vitamin H per gram in a diet veiw low 
in phosphorus and high in calcium produced a pronounced hyper- 
calcemia in rats. Irradiated crgosterol, pure calciferol, or irradiated 
7-dehydrooholesterol were equally effective, whereas dihydrotachy- 
sterol (A.T.-IO) was much less effective. The degree of hyper- 
calcemia produced by vitamin D was found to be dependent on the 
amount of calcium in the diet. Growtli was inhibited only in those 
animals in which there was a rather marked hypercalcemia. In general, 
the extent to which growth was inhibited was directly related to the 
degree of hypercalcemia. Calcification, as judged by either the abso- 
lute or relative amounts of femur ash, was greater in those cases in 
which there was a definitive increase in serum calcium. 
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These data (1) give additional evidence in favor of the view that 
vitamin D increases the absorption of calcium from the intestines, 
and (2) serve to emphasize the importance of the calcium-phosphorus 
product of the serum in calcification. 
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The purpose of this studv was to compare the rates of ahsorptiou 
and utilization of phosphorus as present in phj'tin, in leeithin and in 
disodium phosphate ; especially in relation to the pH of the alimentary 
contents and the phytin-splitting enzyme of the intestinal wall, and as 
the facts in these matters contribute to the understanding of the 
raehitogenic property of cereals. 

Kinsman et al. (’39) gave a method for expressing the utilization 
of calcium in the following terms : 


Kcte utiou, Period A — Retention, P eriod B 
intake, Period A — Intake, Period B 


X 100 s=s per cent utiliration 


This method of representing ciricicncy of utilization was followed 
in the present investigation, the phosphorus intake in period A being 
high but not in excess of the level of maximum efficiency of utilization ; 
and in period B the intake of phosphorus was just above the level 
of equilibrium. 

The raehitogenic property of cereals was attributed by Bruce and 
Callow (’34) to the unavailability of the phytin phosphorus present. 
Harrison and Mellanby (’39)’ found that commercial phytin was not 
raehitogenic, whereas, sodium phytate was raehitogenic. They sug- 
gested that the raehitogenic action of cereals is normally due to the 
action of the phytic acid in inhibiting the absorption of calcium. Palmer 
and Mottram (’39) indicated that the unavailability of phytin phos- 
phorus is associated with the disproportion of the levels of calcium 
and phosphorus fed. 

Lowe and Steenbock (’36b) found that phytin phosphorus was 
absorbed although not as efficiently as inorganic phosphorus ; but when 
the ration contained 3% calcium carbonate scarcely any of the phytin 
phosphorus was absorbed. They postulated that calcium carbonate 

> Authorized for puhlicatlon on Tebrunry 10, 1944, aa paper no. 1219 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. 
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inliibits tlie action of an intestinal enzyme which normally hydrolyzes 
phytin and makes its phosphorus available. In further studies Krieger 
et al. (’40a) comparing inositol-hexaphosphorie acid with inorganic 
phosphorus at a Ca/P ratio of 1:1, found the phytin phosphorus 
ahnost as readily utilized as the inorganic phosphorus. However, 
when the Oa/P ratio was 2 : 1 the availability of the phytin phosphorus 
was markedly decreased, while that of the inorganic phosphorus was 
not markedly affected. Jones (’39) also found that for rats the Ca/P 
ratio had a marked effect on the availability of phytin phosphorus. 
Krieger et al. (’40b) found the calcium of calcium phytate to be as 
available as that of calcium carbonate. McCance and Widdowson ( ’35) 
have shown that of the total phosphorus of cereals between 41 and 68% 
is phytin phosphorus, and that from 20 to 60% of the phytin fed to 
humans is excreted unchanged in the feces. 

Eastman and Miller (’35), reporting on intestinal pH values, found 
the pH higher in rats fed a raehitogenic diet than in rats fed a normal 
diet. 

Patwardlian ( ’37) found, in extracts from the intestinal wall of rats, 
an enzjone capable of the hydrolysis of sodium phytate. Patwardhan 
ruled out the possibility of the enzyme coming from the food because 
the enzyme was found present in weanling rats, Lowe and Steenbock 
(’36b) were of the opinion that any hydrolysis of the phytin which 
takes place in the intestines is due to the activity of the intestinal 
flora or to the phytase from the vegetable part of the diet. 

EXPERIMENTAL 

The experiment was carried out using growing albino rats as sub- 
jects. These animals were fed a commercial dog food ® ad libitum 
until they reached a weight of about 80 to 90 gm. From this time on 
they received a basal ration in which phosphorus was present to the 
amount of 0.12%. This approximates the minimum amount for some 
growth. Following this basal period the rats were fed rations with 
double this amount of phosphorus, 0.25%. The extra phosphorus was 
in the form of disodium phosphate, of crude soy bean lecithin,® or of 
phytin.-* In all cases the Ca/P ratio was approximately 2:1. The 
0.12% phosphorus chosen for the basal ration was below the amount 
indicated by Forbes (’37) as being near the minimum, and not lower 
than the 0.113% indicated by Brown et al. (’32) as producing rickets. 

= Purina dog chow. 

^ A. E. Staley Mfg. Co. 

^Pfanstiehl Chemical Co. 
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For the liiRher ])liosphonis rat inns, 0.25% was chosen as being below 
the O .25770 indieatecl by Nicolayscn ('37) as that, required for optiinnin 
growth. 

TJio basal rations, per 1,000 gm., contained 60.0 gm. of wheat gluten, 

120.0 gm. of Inctalhnmin, 538.1 gm. of corn sugar,'^ 80.0 gm. of a 
hydrogenated fat," 70 gm. of butter, 26.0 gm, of calcium and phosphorus- 
free salt mixture (Sherman and Smith, ’31), 30.0 gm. of cod liver oil, 

61.0 gm. of milk vitamin coneentrate,’ 5 mg. of thiamine hydrochloride, 
2.45 gm. of disodium phosphate, 2.68 gm. of calcium carbonate, and 
6.77 gm. of sodium bicarbonate. The higher phosphorus rations had 
essentially the same composition except that the sodium hicarbonato 
was omitted and additional phosphorus was added as needed in the 
form of disodium phosphate, crude soy hoan lecithin, or phytin. Since 
the crude lecithin contained some oil the amount of fat was cut down 
to 41.8 gm. for this ration. Calcium carbonate was added ns needed 
to bring the C/P ratio to 2 : 1. In all cases the adjustment to 1,000 gm. 
of ration was made at the expense of the com sugar. All rats were 
fed 7.14 gm. of ration per day. 

Hats 1 to 36 used in basal period T and in period TI were litter-mate 
triplets (table 1). In period TI, on the higher phosphorus, one rat of 
the triplet received the disodium phosphate ration, a second the lecithin 
ration, and the third the phytin ration. Periods I and 11 were 14 days 
long with collection of urine and feces during the Inst 7 days in each 
case. Bats 37 to 64 used in basal period III and in period IV, were 
littei'-mato pairs. In period IV, on the higher phosphorus, the first 
rat of the pair received the disodium phosphate ration and the second 
the phytin ration. Periods m and IV were 21 days long with collec- 
tion of urine and feces during the last 14 days in each case. 

In preparation for analysis the samples of feces, urine, or feed were 
digested with concentrated sulfuric-nitric acid mixture, and then made 
up to volume. Aliquots of these solutions were used to determine 
calcium by the McCrudden {’10; ’ll) method, and phosphorus by the 
Piske and Subbarow (’25) method, using a photoelectric technique for 
the latter. 

Following period TV the rats were gassed and the stomach, small 
intestine, and cecum were removed. The pH values of the contents 
of various segments were determined using a Beckman pH meter 
fitted Avith a glass electrode. Following this the small intestines and 

* Cerelose. 

* Crisco. 

* Labco, no. 15-42. 
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ceeiim were freed of contents, washed, and ground in water containing 
cliloroform. After autolysis, filtering, and dialysis, extracts were 
obtained, ahnost free of inorganic phosphorus, which contained an 
enzyme capable of splitting sodium phytate with the production of 
orthophosphate. This hydrolysis was accomplished by using 1 ml. of 
substrate' (approximately 1% sodium phytate), 2 ml. of buffer (sodium 
diethylbarbiturate plus hydrochloric acid) at pH 7.7, and f ml. of 
enzyme extract. These solutions were analyzed for inorganic phos- 
phorus at zero hours and after 20 hours at 38°C. 

RESULTS 

In all four periods the rats showed no important differences between 
groups in the rate of body gain ; but, as was expected, those in periods 
HI and IV gained more because of the increased length of periods. 
The average weights of the rats, at the beginning of the basal collec- 
tions, were from 97 to 101 gm. ; and at the end of the higher phosphorus 
collection periods from 129 to 135 gm. for the shorter period, and from 
148 to 152 gm. for the longer period. 

Average balances of calcium and phosphorus are giyen in table 1. 
The percentages of calcium and phosphorus representing direct reten- 
tion, and the percentages of calcium and phosphorus in the urine and 
feces, are given in table 2. Also given in table 2 are the percentages 
of “utilization” of calcium and phosphorus, using the Kinsman et al. 

( ’39) formula. Table 2 also shows the Aveights of phosphorus gained 
in bone and soft tissue (98% of the calcium retained is in the bone, and 
this value is 2.15 times the weight of phosphorus in the bone). The 
weight of phosphorus retained in the bone was less for the phytin rats. ' 

The average pH values of the contents of different parts of the 
alimentary tracts of the disodium phosphate rats Avei'e : stomach, 5.85 ; 
upper small intestine, 5.97; middle small intestine, 6.26; lower small 
intestine, 7.28; and cecum, 6.39. The corresponding values for the 
phytin rats were 5.53, 6.07, 6.38, 7.35, and 6.52. The average pH for 
the small intestine alone was 6.50 for the disodium phosphate rats 
and 6.60 for the phytin rats. 

In the enzyme experiment, the freed inorganic phosphorus divided 
by the available phytate phosphorus Avas taken as the fraction hydro- 
Izyed. The hydrolysis varied widely betAveen 3.8% and 21.7%. Phytase 
was present in the extracts of both the disodium phosphate rats and 
the phytin rats, but no differences were noted betAveen the groups. 



table 1 

.■Ivcrdffd balances of calciuui and phosphorus. 
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Tlie Iiigiier average pH value of the intestinal contents of the phytin 
rats was associated with the higher average amount of phosphorus 
in the feces of these rats. The fact that the calcium content of the 
feces of both groups of rats was about the same, whereas, the fecal 
phosphorus of the phytin group was the higher, suggests that the 
higher intestinal pH was not optimal for the activity of the enzyme 
phytase. This would tend to limit the amount of phytin phosphorus 
available for absorption. This effect would be in addition to and not 
in place of the well-known effect of pH on the solubility of calcium- 
phosphorus salts. The higher intestinal pH of the phytin rats is in 
agreement with the higher pH values for rats on a rachitogenie ration 
reported by Eastman and Miller (’35), 

The detection of an enzyme, phytase, in the extracts of the intestinal 
wall in both gi-oups of rats agrees with the findings of Patwardhan 
(’37). However, there was no correlation between enzjme activity 
and utilization of phytin phosphorus. Such a correlation would not 
necessarily exist since the utilization of phytin phosphorus would be 
affected by conditions other than the freeing of this phosphorus from 
its organic combination. 


SUJfMABY 

The utilization of phytin, lecithin and disodium phosphate phos- 
phorus by growing albino rats was studied by means of balance experi- 
ments, efficiency of utilization being expressed as the difference in re- 
tention divided by the difference in intake. 

In one experiment disodium phosphate phosphorus and crude soy 
bean lecithin phosphorus were utilized to the extent of 6B,9fo and 69.2%, 
respectively. Phytin phosphorus was utilized to the extent of 49.2%. 
The corresponding calcium utilizations were 41.9, 32.0, and 16.1%, 
respectively. 

In another experiment of longer duration the disodium phosphate 
phosphorus was utilized to the extent of 45.0%, and the phytin phos- 
phorus to the extent of 42.5%, This low utilization of disoditun phos- 
phate phosphorus was apparently due to a low level of calcium in the 
I'ation which made calcium the limiting element instead of phosphorus. 
The corresponding calcium utilizations were 67.0 and 51.5%, I’espec- 
tively. 

The higher amount of phosphorus in the feces of the phytin rats 
apparently signiAed lower absorption. 

The pH values for intestinal contents of individual rats varied much, 
but the average pH value, 6.60, for the phytin rats was higher than 



PHOSPHORUS UTJUZATION 


25 


that, 6.50, for the disodium phosphate rats. This luglior average pH 
value for the iutcstiual coutcuts of the phytin rats was associated with 
a lower utilization of phytin phosphorus. 

The intestinal wall extracts for both the disodium phosphate rats 
and the phytin rats showed the presence of a phytatc-splitting enzyme. 
No correlation was found hotween the enzyme activity of the extracts 
and the utilization of phytin phosphorus. However, the pH of the 
intestine may influence the activit 5 ' of the phytase. 
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TWO riaUREs 

(Received for publication March G, It'U) 

The constancy of heat production per unit surface area in mature 
animals is better known than is the variability of this ratio in growing 
animals. The sequence of metabolic changes that occur during growth 
has not been determined in many species (for references see Kibler 
and Brody, ’42) and the causal mechanisms which bring about these 
changes have not been segregated. 

One approach to an analysis of these problems is a systematic study 
(daily measurements are nocossaiw during the early stages of growth) 
of the changing metabolic levels in the same group of animals over 
the growing period. This paper reports such a study for the Khode 
Island Bed chicken. 

METHODS 

Volumetric measurements of oxygen consumption were made in- 
dividually on fmu' male and four female birds with Begnault-Beiset 
type apparatus as previously used for measuring oxygen consumption 
in rats (Kibler and Brody, ’42). "Windows in the chambers permitted 
the observation of activity, and as readings were taken every 10 min- 
utes for periods of 1 or more hours, observed activity could be elimi- 
nated from the results. After 2 months of age, oxygen consumption 
was measured after 24-hour fasts as well as after ad libitum feeding. 
Experimental temperatures were varied from 33° C. at hatching to 
27°C. at later ages. The females were measured from hatching, July 
30, 1942, to August 2G, 1943 (one was killed accidentally before the 
end of the experiment). The males became too big for our larger 
apparatus when 6 months old, and so their measurements were dis- 
continued at that time. 

The birds were kept in wire bottom cages in a basement laboratory 
which was maintained at 75° to 85°li’. Auxiliary overhead heaters 
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permitted the chicks to partially control their own environmental tem- 
perature by moving closer to or farther away from the heating source. 
After hatching they were fed a standard chick-starter ration supple- 
mented with buttermilk; this was followed by a gro-wing mash and 
grain supplement as they became older. 

ANALYSIS OF DATA 

Mitchell, Card, and Haines (’27), using the Haldane gravimetric 
method and working principally with the White Leghorn breed, meas- 
ured the basal metabolism of birds differing sufficiently in age to permit 
these authors to conclude that the metabolism per unit of body surface 
is distinctly below the adult level at hatching, rises rapidly to a maxi- 
mum between 30 to 40 days of age and then decreases again to adult 
level at about 70 to 80 days of age. 

Our measurements on the growing rat ( ’42) suggested the possi- 
bility of correlating changes in metabolism per unit surface with per- 
centage changes in normal growth rate. For our purpose, therefore, 
it seemed more desirable to measure the metabolic changes associated 
with age in the same “normally” fed chickens rather than to measure 
the metabolism of fasted birds of different ages. Accordingly, all our 
measurements during the first 2 critical months after hatching were 
made on non-fasted chicks at rest at a temperature of thermoneutrality. 

The non-fasting heat production per square meter per day during 
this critical period increased from about 750 Cal. at hatching to a 
maximum of 1,250 to 1,300 Cal. at 4 to 5 weeks of age, and then decreased 
to about 900 Cal. at 8 weeks (upper left-hand section of fig. 1). A 
value of 920 Cal. (same section of figure) was reported by Mitchell et al. 

( ’27) as an average basal value for 55-day-old chicks of this breed. 

The metabolism per unit surface in the older birds became relatively 
stable as shown by the 24-hour fasting and non-fasting curves (right 
hand section, fig. 1). Intermittent egg production apparently caused 
some irregularity in the data for the females. The high values for 
the large males are probably due, in part, to the fact that they became 
too large to be comfortable in the chambers of our apparatus. How-' 
ever, Mitchell and Haines (’27) also obtained higher basal values in 
the males than in the females of this breed. Their average basal values 
for mature groups of each sex are plotted in the lower right-hand sec- . 
tion (fig. 1). 

When plotted against age, sex differences in metabolism per unit 
of surface area are minor (upper left-hand section, fig. 1), but when 
■plotted against body weight (lower left-hand section, fig. 1) sex differ- 
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Fig. 1 Metabolism per unit surface area ns a function of age (upper section) and of 
tveight (lower section). In addition to our corves, scattered data from the literature 

(Mitchell et al., *27) were averaged into three paints and plotted for comparison as follows: 
the open rectangle represents mature females, the solid rectangle mature males, and the X, 
SS-day-old chicks (ses not recorded). Light dotted curves representing groivth rate per unit 
surface area are likewise plotted in the lofldiand section and nttention is called to the 
apparent paraUelism between these curves and the corresponding curves for heat production 
per unit of surface area, 

ences are quite evident, the females attaining maximum heat produc- 
tion per square meter of surface at 150 gm. aud tlie males at 300 gm. 

When total metabolism is plotted against body weight on logarithniie 
paper (fig. 2), the data appear to be distributed in three segments 
corresponding to the rising, the declining, and the mature stages of 
figure 1. 

To each of these segments, the equation Y = aX" was fitted to relate 
total metabolism to bodj’ weight. The slope of each fitted curve, or 
the laliie of exponent b, measures the relative or percentage rate rf 
increase in metabolism Y as compared to that in body weight X. Sta- 
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tistical constants are tabulated in the upper left-hand corner of figure 2. 
Eho represents the correlation coefficient and Sr represents the stand- 
ard error of estimate. Two-thirds of the plotted indmdnal measure- 
ments for each equation are included between pins and minus Sr. 

In the segment representing the age period, hatching to 5 weeks, 
slope b is approximately 1.00, meaning that the percentage rate of 
increase in metabolism is as rapid as that in body weight at any time 
during this period, or that metabolism is directly proportional to body 
weight during this period. 

In the final stage (2 months of age and over) the metabolism in- 
creased at a somewhat lower rate relative to body weight; slope 

APPROXIMATE AGE, DAYS 



Fig. 2 Metabolism as a function of body weight (individual data plotted on logaTitinnic 
paper) with age estimated (upper axis). The 24-hour fasting data are shoirn in insert 
Equations and statistical constants (obtained by the method of least squares) are tabulated 
for the various stages of growth. Equation IX for mature aniinals of different species « 
taken from Brody, Procter, and Ashworth (’34) and the solid triangle, circle, and rectangle 
represent, respectively, 55-day-old chicks (sex not recorded), mature females, and mature 
males from Mitchell et al. C’27). 
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b=:0.97 in the rapidly growing males and 0.G8 in the loss rajiidly 
growing females. For the 2J;-hour fasting data for this stage, b = 0.96 
for the males and 0.83 for the females. 

Between the initial and final stages there is a short interval, corre- 
sponding to the declining stage of figure 1, in which heat production 
increases very little wth increasing body weight. The data during 
this period are somewhat erratic and the equations which wo fitted 
as a matter of routine have low, though significant, coefficients of corre- 
lation (see %’alnes of rho in upper left-hand corner of fig. 2). We do 
not, therefore, attach much significance to the numerical value 0.2 
which we calculated for slope b. 

As a matter of fact, we do not attach very great biological significance 
to the exact numereial values of slope b which we found for any of 
the stages, although the coefficients of conelation are quite high in 
most cases. Titus and Jull (’28) have pointed out the “great difficulty 
if not impossibility of setting up a normal growth curve’’ for all 
strains of a given lireod of chickens and if, ns we have suggested, 
metabolic rate is correlated ivith growth rate, it is, perhaps, likeiviso 
impossible to set up a “normal” curve of metabolism for all grovring 
Rhode Island Red chickens. 

The position of curve IX (fig. 2) for basal metabolism of mature ani- 
mals of different species from Brody, Procter and Ashworth ( ’3f ) indi- 
cates that metabolism in chickens compared to that in mature animals 
of different species is high only during the period of rapid growth. 

The possible correlation of changes in percentage growth rate with 
changes in metabolism per unit surface (fig. 1) or with changes in 
slope b (fig. 2) could be discussed in detail ns was done in a previous 
report on the growing rat (’42), but a more understandable physical 
relationship between heat production and growth rate may be derived 
by relating both heat production and growth rate to surface area. 

Assuming that rapid growth rate is associated with high heat pro- 
duction, then the more rapid the growth rate, the greater must bo the 
rate of heat dissipation through each unit of surface. To test this 
hypothesis we have computed (table 1) heat production in Calories 
per day per square meter and growth rate in grams per day per 
square meter. 

A comparison of the two colums (table 1) indicates that both heat 
production in Calories per square meter per day and growth rate m 
grams per square meter per day are higher from the third to fifth 
"weeks than at any other age. It is true that the males gained an average 
of 25 gm. per day during the third month compared to a gain of 12.6 gm. 



32 


H. H. KIBLEB A2fD SAMTJEIi BKOBY 


per day during the third week, hut per square meter of surface these 
gains amounted to 377 gm. per day in the third week" compared to 
188 gm. i^er day in the third month. 

To further test the validity of our hypothesis that heat production 
per unit surface and growth rate per unit, surface are related, we 

TABLE 1 

Growth and metabolism of Shode Island Jted chicTcens. 

(34-hour fasting data given on starred lines.) 

FEMALES MALES ' 


Average per chicken Average per chicken 


PERIOD 

No. 

obser* 

valions 

Body 

CuV 
per <lay 

Cal./ 
iiq.m.2 
per <Iay 

Gm./ 
sq.m.- 
per day 

No. 

obser- 

vations 

Body 

iveifrbt 

Cal.i 
per day 

Cal./ 
sq.jJi.s 
per day 

Gm./ 
.sq.m.* 
per day 

Week 

H-l 

19 

43 

8.8 

774 

62 

22 

48 

9.1 

740 

209 

1-2 

26 

54 

11.6 

862 

280 

28 

74 

16.1 

965 ' 

346 

2-3 

22 

91 

20.4 

1056 

335. 

26 

124 

26.0 

1086 

384 

3-4 

26 

152 

34.5 

1250' 

375 

23 

201 

40.2 

1197 

377 

4-5 

21 

216 

43.8 

1240 

324 

21 

294 / 

58.2 

1328 

368 

5-0 

14 

299 

51.2 

1155 

189 

16 

410 

65.9 

1191 

201 

6-7 

8 

351 

44.3 

893 

91 

12 

471 

61.5 

1009 

99 

7-8 

17 

392 

47.0 

877 

168 

21 

509 

60.3 

937 

141 

Uonth 

2-3 

16 

679 

78.8 

1001 

164 

IS 

821 

So 

920 

191 

*2-3 

16 

631 

59.4 

794 

. . . 

16 

728 

63 

866 


3-4 

14 

1152 

104 

913 

140 

14 

1436 

138 

1037 

188 

*3-4 

12 

1048 

83 

778 

• . . 

18 

1300 

100 

806 

. . , 

4-3 

6 

1602 

142 

992 

70 

17 

2023 

190 

1125 

98 

*4-5 

9 

1479 

113 

834 

. . . 

13 

1914 

161 

990 


5-6 

9 

1724 

139 

917 


9 

2580 

229 

1143 


*5-6 

3 

1319 

109 

872 


7 

2470 

185 

952 


6-7 

6 

1784 

156 

1008 







*6-7 

4 

1679 

134 

906 







00 

1 

9 

1925 

149 

913 







*7-8 

9 

1822 

106 

674 







8-9 

9 

2126 

176 

1003 







*8-9 

4 

1864 

112 

705 







9-10 

7 

2054 

172 

1008 







*9-10 

8 

1944 

131 

798 







10-11 

5 

1878 

121 

7.53 







*10-11 

6 

1818 

99 

633 







11-12 

6 

1931 

161 

983 







*11-12 

6 

1835 

142 

865 







12-13 

4 

2260 

164 

897 







*12-13 

4 

2084 

113 

773 





— 



^ The heat production ^vas calculated on the assumption that 1 hter of oxj-gen has a heat 
equivalent of 4.9 Cal. for the fed chickens and 4.7 Cal. for the fasted chickens. 

= Surface area was computed from the equation, surface area in sq. cm. = 8.19 (body weight 
in grams)'’ ™' as determined for White Leghorn chickens by Alitchell (’30). 
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plotted ill figure 1, left-hand section, the changes in growth rale per 
square meter. Tlio resulting inverted U-shaped curves are similar to 
the curves for heat production per square meter, exeept that the growth 
curves pass through corresponding phases at slightly earlier ages and 
lower weights than the heat production curves. 

It might he inferred from our data, or from those of Slitchell ot al. 
(’27), that heat production per unit of surface is always at a maximum 
at 30 to 35 days after hatching. Such may or may not he the case. If 
heat production is highest during most rapid growth, then maximum 
heat production per unit surface will occur early in accelerated early 
growth and late in accelerated late growth. Further metabolic mensure- 
ments on two groups of chickens will be needed to determine this point. 

Maximum growth in weight per unit of surface certainly does not 
always occur at the same ago. Titus and .Tull (’28) reported weekly 
body weight data on two lots of Rhode Island Red chickens which 
received the same treatment and feed, with the one exception that lot 
2 had access to sour skim milk and water, while lot 1 received only 
water. They reported that feeding skim milk accolcrated growth during 
the first 15 to 18 weeks, hut had no marked effect on calculated mature 
. weights. tVhen we computed the gains per day per square motor made 
by their two lots of chickens (computed separately for males and 
females in each lot), wo found that the milk-fed lot made maximum 
gains from the second to sixth week, whereas the other lot made their 
greatest gains from the fifth to the ninth weeks. Our chicks were given 
buttermilk and grew as rapidly as tbeir rapid growth lot up to 5 weeks, 
hut did not grow so rapidly thereafter, especially during the seventh 
week. Our birds were heavier at all ages, however, than the slow 
growth lot of Titus and dull. 

"While, therefore, our analysis demonstrates an apparent parallelism 
between metabolic rate and growth rate, it does not segregate the 
nutritional, endocrine, and other causal mechanisms. For this purpose 
it would be helpful to determine the degree of parallelism between the 
growth rate and metabolic rate of several groups timed to reach their 
maximal growth rates at different ages. 

.sujrJiAnv 

Data are reported on oxygen consumption in relation to body wei"-ht 
age, and surface area of Rhode Island Rod chickens from hatching to 
6 months of age in males and to 13 months of age in females. “ 

Attention is directed to an apparent parallelism during the first 
2 months after hatching, between metaboli.sm per day, expressed in 
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Calories per square meter, and g•ro^vt]l per day, expressed in grams per 
square meter. The resting but non-fasting heat production at thermo- 
neutrality increased during this critical period from about 750 Cal. 
a.t hatching to a maximum of 1,250 to 1,300 Cal. at about 30 days, and 
thereafter decreased to 900 Cal. at 60 days. Daily growth rate per 
square meter similarly increased to a maximum of approximately 
370 gm. at about 25 days, and thereafter decreased. 

After 2 months of age, the non-fasting heat production in the females 
averaged about 900 Cal. as compared to 750 Cal. after 24-hour fasts. 
Higher values were obtained for the males. 
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J. M. MclKTlliE. XI. S. SCIIWEIGERT, IX. 3. HEliBST AND 
C, A. EDVEIIJEM 

Dflinrlnirat oj Bioclu-mislri/, Collcsf 0 / AsricuKurf, 

Pnii'#Tsi(« of irisconain, A/ntA>on 

(Reccivcil for publication Mnrcli 2, 1044) 

In previous publications, Jlcintiro cf nl. (’43a), Scliweigert ct nl. 
(’43), Scluveigevt ct al. (’43a) and Mclntirc ot al. (’43), the vitamin 
content of pork, veal and lamb lias been studied. Due to the increasing 
use of variety meats during the present cmovgency it is important 
to have a knovledge of their vitamin content. The results of the vita- 
min analyses of a selected group of these meals are reported in this 
paper. 

EXPERIMENTAL 

The meats U’cre obtained from local markets and prepared immedi- 
ately for vitamin analyses and cooking tests. All samples wore ground 
in an eleotrio meat grinder and mixed thoroughly preparatorj’ to 
vitamin assays. The samples that rvere used for cooking vero prepared 
os follows: Frankfurters and pork links were obtained in pairs; one 
link from each pair was used for fresh analysis and one was retained 
for cooking tests. Canadian bacon and liver were prepared by slicing, 
and alternate pieces were taken for fresh and cooked samples. Bologna 
and veal hearts were cut into halves and alternate halves were taken 
for fresh and cooked samples; the halves to be cooked were sewed 
tightly together. Three baby beef hearts were taken from animals 
from a herd of the same age and breed. Two of the hearts were cut 
into halves and alternate halves were used for fresh and cooked 
samples; two halves were sewed together before cooking. The third 
heart was cooked whole to compare with the paired sample. JThe throe 
tongues were prepared in the same manner. 

All cooking tests were carried out under standard conditions accord- 
ing to Meat and Meat Cookery (’42). Frankfurters were boiled for 
8 minutes ; the bologna was boiled for 20 minutes and the two tongues 
were boiled for 3 hours 21 minutes and 2 hours 44 minutes respectively. 

’ Published -with the ujipioTOl of the Director of the Wisconsin Agricultural Esperimeut 
station. Supported in part hy a grant from the Natioual Live Stock' end Meat Board mode 
through the National Research Council. 
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Pork links "wei'e broiled for 17 minutes; Canadian bacon was broiled 
for 11 minutes ; baby beef liver was broiled for 14 minutes. Beef liver 
and veal heart were braised for 38 minutes and 2 hours 50 minutes, 
respectively, and the twm beef hearts were braised for 5 hours 12 
minutes and 5 hours 30 minutes, respectively. The drippings of all 
cooked meats except for boiled frankfurters and bologna were retained 
for analysis. 

The thiamine determinations were made according to the method 
of Hennessy (’42) with modifications by Mclntire et al. (’43a). The 
nicotinic acid was determined by the method of Snell and Wright ( ’41) 
with modifications by Krehl et al. (’43) after extraction with 4% 
NaOH. Both fluoronietric and microbiological methods were employed 

TABLE 1 


Comparison of methods for riboflavin determinaliTin. 


JlEAT 

FLTJOaO>tETl:iO 

ANALYSIS 

MICKOBIOLOOIOAIi 


mg./ 100 pm. 

mp./lOO pm. 

Bologna (fresh) 

.21 

.21 

Bologna (boiled) 

.22 

.20 

Frankfurters (fresh) 

.17 

.17 

Frankfurters (boiled) 

.16 

.16 

Pork links (fresh) 

Jo 

.15 

Pork links (broiled) 

.21 

.24 

Baby beef liver (fresh) 

2.45 

2.40 

Baby beef liver (broiled) 

3.43 

3.03 

Beef liver (fresh) 

3.39 

3.10 

Beef liver (braised) 

4.47 

4.33 

Veal heart (braised) 

1.15 

1.15 

Canadian bacon (fresh) 

.17 

.19 

Canadian bacon (braised) 

.25 

.24 


for the determination of riboflavin. All of the riboflavin determinations 
were made by the fluorometric method after values wnre found to agree 
with those obtained by the microbiological method (table 1). The 
microbiological method was that of Snell and Strong ( ’39) with modifi- 
cations in extraction and digestion (Strong and Cai-penter, ’42; ilc- 
Intire et al., ’43). The fluorometric method was that of Connor and 
Straub (’41), modified by Andrews (’43). 

All analyses were made on the undried cooked and uncooked meat. 
The values for all of the samples assayed are shown in table 2. Eeten- 
tion of the vitamins in the meat was determined by the dilferenee in 
the total vitamin content in a piece of meat before and after cooking. 
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Total retention vopresonts tlie difCcrcnce in tbe total vitmniii content 
of the fresh meat and the cooked meat pins the dnppmgs. The per- 
centage of the vitamins retained after cooking is shown in tninc 3. 


TABLE 2 
of 

All vohttn in miUigrams per 100 irni. of vntJrkd 


MEAT 

thi.vmimk 

RtBO- 

TUV\TX 

N»Ct>- 

TINIO 

ACm 

meat 

TltlAMINT, 

P.lltO. 

rwrrv 

Nteo- 

TlStC 

Ar3i> 

Bacon 

.11* 

.10 

.8 

Oxtnil 

Lftinb sliank 

.07 

.14 

.10 

.18 

2.8 

4.5 


5T 

.18 

2,8 

Liver 


2,43 

in.9 ; 


,7-1 

* .24 

4.1 

Bal»y !>ccf * 

.19 

Bologna 

.32 

.39 

3-3 

Broiled * 
Beet' 

.19 

.23 

3.29 

3,32 

39.2 

13.5 

) 

.20 

.21 

2.8 

Br.ai«cd * 

.19 

4,42 

13.0 

Boiled ‘ 

.21* 

.21 

2,r> 

IJrart 




Fronfc/'itrlcM 




liamb 

.45 

,74 

6.3 

.2L 

.31 

3.7 

Veal 

.70 

1.00 

7.0 

I 

25 

.ir 

.10 

3.6 


.50 

1,10 

6.6 

Boiled ‘ 

.24 

S-4 

Bnisofl * 


2.15 

.6.7 

■Soutane 




BM>r \)cef * 

.40 

.76 

4..5 

Sumiaer 

,40 

.30 

4.1 

Braised ' 

.11 

.92 

3.7 

Lircr 

.20 

1.30 

5.7 

Braised ’ 

.10 

.92 

3.6 

Sninmi 

' .2.' 

.21 

2.9 

Tongue 




linls 




Baby beef * 

.10 

.23 

3.9 

Pork’ 

,40 

,15 

2.3 

Boiled * 

.03 

,29 

2.6 

Btoiled^ 

J30 

O.T 

3.0 

Boiled * 

.05 

.27 

2.8 

Tripe 


.15 

1.0 

) Jiref 




Head dieeso 

,08 

,12 

J.l 

1 Corned 

.03 

.10 

1. 7 

Sandunch meat 

.43 

.18 

3.0 

1 Tenderloin 

.15 

.35 

3..5 


Samples used for cooking tests. 


TABLE 3 


I’lfamfn retention after cooking, 


»IBAT 

MODE or 
COOKIKG 

WErOKT 

BETEA'TIO.V 

TIIMMIKE 

EETBKTrOM 

nmorr-AviM 

RETf.KTlOK 

SlCOTlStC 

ACJV nETEN'TlO.V 

Blent 

Totnl 

Moat 

Total 

Meat 

Total 




tH, 


Vc 



V<r 

Bologna 

Boiled 

100 

97 

.. 

93 


89 


Frankfurters 

Boiled 

IQl 

97 

.. 



02 


Pork links 

Broiled 

60 

75 

87 

B3 

90 

78 

<V^ 

Canadian bacon 

Broiled 

G3 

94 

93 

88' 

92 

94 

08 

Bflby beef liver 

i Broiled 

75 

77 

91 

lOI 


85 

100 

Beef liver 

, Braised 

69 

58 

84 

92 

109 

70 

98 

Veal heart 

Br.nised 

60 

25 

41 

74 

99 

00 

95 

Baby beef beart 

Braised 

63 

no 

n 

76 

9G 

51 

82 

Tongue 

1 Boiled 

1 80 

24 

U 

79 

100 

53 

92 
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DISCUSSION 

Tile variety meats may be important sources of vitamins. Canadian 
bacon, summer sausage, and sandwich meat contain larger amounts 
of thiamine than fresh beef, veal or lamb but smaller amounts than 
fresh pork. Corned beef was the poorest source of thiaminej this is 
to be expected due to the source and processing. Of the fresh organ 
meats studied heart was found to be tbe richest in thiamine. Two veal 
hearts contained 0.7 and 0.56 mg. of thiamine per 100 gm. respectively; 
lamb heart 0.45 mg.; and baby beef heart 0.4 mg. per 100 gm. Liver 
and tongue contained about the same amount of thiamine as muscle 
meat. Beef liver contained 0.23 mg.; baby beef liver 0.19 mg., and 
baby beef tongue 0.16 mg. per 100 gm. These values are in good agree- 
ment with those reported by Cheldelin and Williams (’42), namely, 
0.26 mg. of thiamine per 100 gm. of beef liver and 0.44 mg. per 100 
gm. of beef heaid. 

Liver sausage contains neai’ly 3 or 4 times as much riboflavin as 
any of the other prepared meats. This is undoubtedly due to the 
high liver content. The other prepared meats fall in the same range 
as fresh muscle meats; corned beef .contained the least riboflavin. 

In the studies on the organ meats liver was found to he the best 
source of riboflavin. Beef liver contained 3.3 mg. and baby beef liver 
2.4 mg, per 100 gm. of meat. Heart was a good source of riboflavin ; 
veal heart contained 1.1 mg. per 100 gm. and baby beef heart contained 
0.76 mg. per 100 gm. The riboflavin content of tongue was 0.28 mg. 
per 100 gm. These values are in agreement with those reported in 
the literature. Cheldelin and Williams (’42) reported 2.8 mg. per 100 
gm. of fresh liver and 0.88 mg. per 100 gm. of beef heart. Waisman 
and Bivehjem (’41) reported 0.76-1.0 mg. of riboflavin per 100 gm, 
of beef heart and 2.1 and 3.7 mg. per 100 gm. of beef liver, and 0.22 mg. 
of riboflavin per 100 gm. of beef tongue. 

The nicotinic acid contents of the prepared meats and fresh muscle 
meat are about the same. Liver was richer than auy of the organ meats 
in nicotinic acid. Baby beef liver contained 16.9 mg. per 100 gm. of 
meat and beef liver contained 13.5 mg. Heart was lower, but it is also 
a good source of nicotinic acid. Lamb, veal and baby beef heart con- 
tained 6.3, 7.0, and 4.5 mg. of nicotinic acid per lOO gm. of meat. Our 
values for nicotinic acid generally agree with those reported by other 
workers. Dann and Handler ( ’42) reported 5.8 to 7.7 rag. of nicotinic 
acid per 100 gm. of lamb heart and 11.5 to 15.6 mg. of nicotinic acid 
per 100 gm. of veal liver. Cheldelin and Williams ( ’42) reported 12.0 
mg. per 100 gm. of beef liver. Waisman and Bivehjem ( ’41) reported 
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13.2 mg. of nicotinic acid per 100 gm. of veal liver, 4.9 mg. per 100 gm. 
of beef heart and 8.5 and 11.0 mg. per 100 gm. of beef liver. 

Considerable variation in tlie retention of the vitamins during cook- 
ing was obtained. This may bo attributed to the type of cooltcn', the 
size and land of meat and the length of time necessary for cooking. 
To illustrate the effect of time and kind of meat on vitamin rclention, 
bologna, frankfurters, and tongue were boiled. The frankfurters and 
bologna were in the cooking water 8 and 20 mimitc.s, respectively, and 
negligible vitamin loss occurred. However, tongues that were cooked 
between 2 and 4 hours retained only 24% of the thiamine in the meat 
and .only 33% total retention was obsen’od. The fact that only 55% 
of the nicotinic acid remained in the meat whereas 37% was recovered 
in the drippings illustrates the degree of leaching that occiir.s under sneh 
cooking conditions. Similar resnils during stewing of veal and lamb 
have been obtained by ilclntire et ah, ’43. 

'We have previously reported that broiling moat resnils in higher 
retention of the tliiamine than any other tj-pe of cookoi-y studied. 
This was found to be tlio case in the present investigation. Pork links, 
Canadian bacon, and baby beef liver after broiling retaiiied 75, 94 
and 77% of the fiiiamine in the meat, respcofivoly. On tlie other hand, 
when beef liver, veal heart and baby beef heart were braised, 56, 25 
and 22% of the tliiamine, respectively, were retained. The very low 
retention of thiamine in the hearts may bo accounted for by the lengtli 
of time required for cooking. 

Similarly there was a higher retention of riboflavin and nicotinic 
acid in the meat after broiling than after braising, but, in every ease 
except one, over 90% of those vitamins Avas recovered in the meat and 
drippings. 

It should be pointed out that uniform sampling of single organs 
such as heart and tongue is extremely difficult. By cutting tlio.so organs 
in half and sewing the halves together for cooking tests a fair .sample 
was obtained. For comparison a whole organ which was taken from an 
animal of the eame breed, age and nutritionab background gave similar 
results. This, however, should not be taken as an indication that organs 
from different animals have the same A'itamin content in ei^oiw ense 

summaey 

The thiamine, riboflavin and nicotinic acid content of a variety of 
meats lias been determined. 

Prepared meats were found to be a good source of these vitamins- 
they contain about the same amounts as fresh muscle meats. 
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DISCUSSION 

The variety meats may be important sources of vitamins. Canadian 
bacon, summer sausage, and sandwich meat contain larger amounts 
of thiamine than fresh beef, veal or lamb but smaller amounts than 
fresh pork. Corned beef was the poorest source of thiamine; this is 
to be expected due to the source and processing. Of the fresh organ 
meats studied heart was found to be the richest in thiamine. Two veal 
hearts contained 0.7 and 0.56 mg. of thiamine per 100 gm. respectively; 
lamb heart 0.45 mg.; and baby beef heart 0.4 mg. per 100 gm. Liver 
and tongue contained about the same amount of thiamine as 'muscle 
meat. Beef liver contained 0.23 mg.; baby beef liver 0.19 mg., and 
baby beef tongue 0.16 mg. per 100 gm. These values are in good agree- 
ment with those reported by Cheldelin and Williams (’42), namely, 
0.26 mg. of thiamine per 100 gm. of beef liver and 0.44 mg. per 100 
gm. of beef heart. 

Liver sausage contains nearly 3 or 4 times as much riboflavin as 
any of the other prepared meats. This is undoubtedly due to the 
high liver content. The other prepared meats fall in the same range 
as fresh muscle meats; corned beef /Contained the least riboflavin. 

In the studies on the organ meats liver was found to be the best 
source of riboflavin. Beef liver contained 3.3 mg. and baby beef liver 
2.4 mg. per 100 gm. of meat. Heart was a good source of riboflavin; 
veal heart contained 1.1 mg. per 100 gm. and baby beef heart contained 
0.76 mg. per 100 gm. The riboflavin content of tongue was 0.28 mg. 
per 100 gm. These values are in agreement with those reported in 
the literature. Cheldelin and Williams (’42) reported 2.8 mg. per 100 
gm. of fresh liver and 0.88 mg. per 100 gm. of beef heart. Waisman 
and Elvehjem (’41) reported 0.76-1.0 mg. of riboflavin per 100 gm. 
of beef heart and 2.1 and 3.7 mg. per 100 gm. of beef liver, and 0.22 mg. 
of riboflavin per 100 gm. of beef tongue. 

The nicotinic acid contents of the prepared meats and fresh muscle 
meat are about the same. Liver was richer than any of the organ meats 
in nicotinic acid. Baby beef liver contained 16.9 mg. per 100 gm. of 
meat and beef liver contained 13.5 mg. Heart was lower, but it is also 
a good source of nicotinic acid. Lamb, veal and baby beef heart con- 
tained 6.3, 7.0, and 4.5 mg. of nicotinic acid per 100 gm. of meat. Our 
values for nicotinic acid generally agree with those reported by other 
workers. Dann and Handler ( ’42) reported 5.8 to 7.7 mg. of nicotinic 
acid per 100 gm. of Iamb heart and 11.5 to 15.6 mg. of nicotinic acid 
per 100 gm. of veal liver. Cheldelin and Williams ( ’42) reported 12.0 
mg. per 100 gm. of beef liver. Waisman and Elvehjem (’41) reported 
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13.2 mg. of nicotinic acid per 100 gm. of veal liver, 4.9 mg. per 100 gm. 
of beef heart and 8.5 and 11.0 mg. per 100 gm, of beef liver. 

Considerable variation in the retention of the vitamins during cook- 
ing was obtained. This may be attributed to the type of cooiccn'. tho 
size and kind of meat and the length of time necessary for cooking. 
To illustrate the effect of time and kind of meat on vitamin retention, 
hologna, frankfurters, and tongue were boiled. The frankfurters and 
bologna were in tbe cooking water 8 and 20 mimitc.s, rc.spectivcl.v, and 
negligible vitamin loss occurred. However, tongues that were cooked 
between 2 and 4 hours retained only 245{> of the thiamine in the meat 
and pnly 33% total retention was observed. The fact that only 55% 
of the nicotinic acid remained in the meat whereas 37% wa.s recovered 
in the drippings illustrates the degree of leaching that occurs under such 
cooking conditions. Similar results during stewing of veal and lamb 
have been obtained by Meintire et ah, ’43. 

We have previously reported that broiling moat results in higher 
retention of the thiamine than any oOicr typo of cookery sliidied. 
This was found to bo the case in the present investigation. Pork links, 
Canadian bacon, and baby beef liver after broiling retained 75, 94 
and 77% of the thiamine in the meat, respectively. On tlio other hand, 
when beef liver, veal heart and baby beef heart were braised, 56, 25 
and 22% of the thiamine, respectively, were retained. Tlio veiy low 
retention of thiamine in tlie lioarls may be accounted for by the length 
of time required for cooking. 

Similarly there was a higher retention of riboflavin and nicotinic 
acid in the meat after broiling than after braising, hut, in everj- case 
except one, over .90% of these vitamins was recovered in the meat and 
drippings. 

It should he pointed out that uniform sampling of siimle or*mns 
such as heart and tongue is extremely difficult. By cutting thc.so organs 
in half and sewing the halves together for cooking tests a fair sample 
was obtained. Hor comparison a whole organ which was taken from an 
animal of the same breed, age and nutritional! background gave similar 
results. This, however, should not be taken as an indicatioirthat organs 
from different animals have the same vitamin content in oveiy case. 

SCMMAUY 


The thiamine, riboflavin and nicotinic acid content of a variety of 
meats has been detenninod. ■’ 

Prepared meats were found to be a good source of these vitamins; 
they contain about the same amounts as fresh muscle meats. 
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Retention of these vitamins in some of the meats was studied during 
broiling, braising and boiling. 

Greater amounts of all the vitamins were retained in the meat after 
broiling than after braising. 

In the case of boiling the vitamin retention in the meat was dependent 
on the cooking time. 

Broiling favored a higher total retention of thiamine than did brais- 
ing. 

In nearly every case over 90% of the nicotinic acid and riboflavin 
was recovered in the meat and drippings. 
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PEANUT, AND COTTONSEED FLOURS AND THEIR VALUE 
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Increased interest lias recently developed in the nutritive value of 
plant proteins that may serve in the diet to extend and partially re- 
place proteins of animal origin, particularly those of moat, milk, and 
eggs. Soybeans, peanuts, and cottonseed offer excellent possibilities 
for supplying in large quantities proteins having superior nutritive 
value and -which are suitable for use as human food in a variety of 
ways. Heat processed soybean flour and gi-its for human consumption 
are being produced in large quantities. Peanut and cottonseed flours 
in limited amounts are also available. 

Numerous investigations have been conducted on the nutritive value 
of soybean proteins. Mendel and Fine (’12) found that soybean 
nitrogen was well utilized by men and dogs. Later, Osborne and 
Mendel (’17a) showed that the proteins of soybean meal supported 
“normal growth’’ of rats, provided that the meal had been ade- 
quately heated 4vith water. Raw meal enabled the animals to grow 
at a comparatively slow rate. Heating the meal in an electric oven 
at 110° C. for 4 hours, however, caused no considerable improvement. 
More recently, others (Wilgus, Norris, and Heuser, ’36; Hayward, 
Steenbock, and Bohstedt, ’36a, b; Shrewsbury and Vestal, ’37; John- 
son, Parsons, and Steenbock, ’39) have shown that the proteins of 
heat-treated soybeans have a high nutritive value. Soybean proteins 
have also been found to be an effective supplement to the proteins 
of wheat flour (Johns and Finks, ’21; Johns, Finks, and Jones, ’23; 
Daniels and Nichols, ’17). 

Studies on the nutritive value of the proteins of peanuts (Johns 
and Finks, ’20; Eddy and Eckman, ’23; Daniels and Loughlin, ’18) 

' A pieliminaiy leporl of tills invcstlEtation was Biren at tlic 22iid Annual Convention of 
the American Soybean Association. Purdue TTnireraity, September 1^17 1942 
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have shovn that the peanut also contains proteins of high quality and 
are valuable supplements to cereal proteins. 

Cottonseed meal has been highly esteemed for many years as a pro- 
tein concentrate for livestock feeding. The nutritive value of the 
proteins of cottonseed was studied by Osborne and Mendel (’17b). 
They state that their results leave “no doubt as to the adequacy of 
the proteins of the cottonseed meal or flour for the growth of rats.” 
Recently, Zucker and Zueker (’43) have shown that cottonseed and 
also peanut and soybean are sources of high quality protein. 

Most of the studies that have been made heretofore on the nutritive 
value of the proteins of oilseeds have been made on the seeds them- 
selves, on products prepared for animal feeding or on specially pre- 
pared fractions. There are now available flours made from soybeans, 
peanuts, and cottonseed specially prepared for human use. It seemed 
desirable, therefore, to investigate the nutritive value of these products 
which may be used extensively in our dietaries and to determine how 
effectively their proteins supplement the proteins of wheat flour. 
There is at present no absolute value that can be assigned to the. 
nutritive value of a protein and it is, therefore, necessary to make a 
comparison with products such as milk and casein, which have been 
studied extensively and are known to have high nutritive value. 

EXPEKIMENTAL 

The products which served as sources of protein in these studies 
were as follows: A commercially prepared casein, spray-process skim 
milk powder containing 37.2% protein and 0.8% fat, a blend of two 
varieties of soft wheat containing 12.42% protein, commercially milled 
flour from the same wheat containing 10.60% protein, commercial soy- 
bean, peanut, and cottonseed flours made by the expeller process. These 
products contained, respectively, 49.68, 50.94, and 45.05% protein and 
5.72, 8.11, and 15.4% fat. 

All diets contained 2% cod liver oil and 4% salt mixture (Osborne 
and Mendel, ’19). The remainder of each of the diets consisted of a 
combination of either one or more of the protein sources enumerated 
above together with sufficient corn oil to adjust the total fat content 
of the diet to 8%, and sufficient dextidnized cornstarch to adjust the 
protein content to either 9.1 or 15%.' The dextrinized cornstarch 
carried a vitamin mixture which provided in each 100 gm. of diet 

^ The following conversion factors were used in calculating the amounts of protein in the 
materials from their nitrogen content: wheat flour, 5.70; whole wheat, 5.83; peanut, 5.46; 
soybean, 5.71; cottonseed, 5.30; casein and lactalbumin, 6.38; PCS, 5.49 (Jones, ’31). 
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thiamine hydrochloride 0.2 mg., pyridoxine hydrochloride 0.2 mg., 
riboflavin 0.3 mg., calcium pantothenate 0.3 mg., niacin 1 mg., and 
choline hydrochloride 10 mg. These vitamins were added to a portion 
of the dextrinized constarch in an aqueous solution and the product was 
dried at 50° C. 

The data presented represent results obtained with thirty-one lots 
of albino rats comparable in all respects. Each lot consisted of twelve 
animals equally divided with respect to sex and having initial weights 
of 55 to GO gm. They were housed iu individual cages having wide mesh 
screen bottoms kept in rooms maintained at 76°F. (±: 3°P.) and with 
about 55% relative humidity. The animals were weighed tnace weekly 
and the diets were fed ad libitum. Enough of the stock flour mixtures 
were prepared to last throughout the 6-week feeding periods. Fresh 
diets were prepared weekly, usually in kilogram quantities, by in- 
corporating into the stock flour mixtures the other non-protein dietaiw 
ingredients. 

The first series of experiments was designed to show the growth- 
promoting values of the proteins of the products selected. In view of 
possible supplementary effects between the proteins of the three oil- 
seeds a mixture (PCS) of equal parts of peanut, cottonseed, and soy- 
bean flours was also fed. The low protein level of 9.1% was used for 
comparative purposes because it was the maximum that could have 
been introduced into the diet by the wheat flour and still leave room 
for the non-protein ingredients. 

A second series of experiments was conducted to ascertain the 
protein supplementary' effect of adding the oilseed flours to wheat 
flour. For this purpose, sixteen lots of rats were fed diets containing 
mixtures of the supplements and wheat flour in the proportions of 
5, 10, and 15 parts to 95, 90, and 85 parts, respectively. 

Besides the three oilseed flours used separately, a mixture (PCS) 
consisting of equal parts of the oilseed flours was similarly used as 
a supplement to the wheat flour. Skim milk powder was also included 
for comparison. 


hesults and discussiox 
Comparaiivc growth-promoting values 

The proteins of wheat flour were found to have comparatively low 
nutritive value (table 1). This is in accord with results previously 
obtained by other workers and rrith what is known regarding the 
amino acid deficiencies of wheat endosperm proteins. The proteins of 
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whole wheat promoted weight gains nearly twice those obtained with 
the patent flour. 

At the same protein level (9.1%) the animals fed the soybean and 
cottonseed diets gained approximately 44 times as much as those fed 
the wheat flour diet. The somewhat lower gains obtained with peanut 
flour amounted, however, to 4 times those supported by wheat flour. 

- TABLE 1 

Comparative prowth-promoting values of the proteins of peanut flour, cottonseed flour, 
soybean flour, patent wheat flour, whole wheat, shim milk powder, and casein, 
^Duration of feeding tests — 42 days). 




9.1% PROTEIX 

IN DIET 


I 

1 5 % PROTEIN 

IN PIET 


SOURCE OF j 

pRomN 1 

Lot 
no. j 

Average 
weight gain 

1 

Average 
gain 
per g-ra. 

; protein 

1 con* 
i sumed 

Average 

food 

con* 

fiumed 

Lot 

no. 

i 

Average 
•weight gain 

Average 
gain 
per gm. 
protein 
•con- 
sumed 

Average 

food 

con- 

sumed 


1 

1 am. 

' om. 

1 p’n- 


pm. 

1 pm. 

pm. 

Patent ■wheat '■ 







1 


flour 

268 

19 (10-30) 

0.75 

278 j 

i 



1 • • • 

Wliole wheat ^ 









flour 

269 

36 (30-45) 

1.15 

342 

... ' 



■ . . 

Peanut flour 

271 

- 75 (57-121) i 

1.95 

1 419 

1 302 

1 158 (97-222) 

1.81 

584 

Cottonseed ; 




1 


1 

1 



flour 

270 

85 (70-97) 

2.05 

455 

303 

138 (92-215) 

1.67 

553 

Soybean flour 

288 

87 (51-115) 

2.35 

408 

304 

137 (70-190) 

1.71 

537 

P.C.S.' 

298 

84 (63-177) 

2.22 

415 

312 

145 (87-186) 

1.81 

532 

Skim milk 





308 




po'wder 

307 

141 (97-193) 

2.78' 

560 

316 

155 (97-208)' 

1.95 

528 

Casein 

295 

100 (90-111) 

2.34 

470 

305 

173 (123-230) 

1.99 

579 


' Mixture of equal parts of peanut, cottonseed, and soybean flours. Tlie figures in parentheses 
indicate the ranges of rreight increases. 


The results obtained with the mixture (PCS) of the three oilseed 
flours when compared with each one separately do not clearly indicate 
supplementary relationships among them. This mixture supplied pro- 
tein having about the same growth value as that of soybean or cotton- 
seed flour, but considerably higher than that of peanut flour. 

At the 9.1% protein level skim milk powder and casein proved 
superior to the oilseed flours either on the basis of weight increase 
of the animals or on the gain in weight per gram of protein consumed. 

Table 1 also shows the results obtained when the protein materials 
(with the exception of the wheat flour and whole ground wheat) were 
similarly fed at a 15% protein level in the diet. A comparison of the 
weight gains obtained when the diets supplied 15% protein with those 
obtained at the lower level brings out some interesting contrasts. With 
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9% protein in the diet, the average gain in iveiglit of tlie animals fed 
peanut flonr -vvas 75 gm., the lowest obtained with the oilseed flours. 
At the higher protein level the corresponding weight gain was 158 gni., 
amounting to an increase of over 10055 of that obtained at the 955 
level and which placed peanut protein in the lend of the other oilseeds. 
Soybean flour at 9% protein level with a weight gain value of 87 gin. 
showed a higher value tlian peanut flour, but at the 1555 level the 
reverse was true. 

Quite different results were obtained with the milk proteins when 
fed at tlie two levels. With skim milk powder at a 955 protein level 
the animals gained 141 gm. However, when fed at a 1555 protein level, 
the increase in weight-gain was only about 655 above that obtained at 
the lower level and not much higher than that obtained with peanut 
flour at the same protein level. Casein, on the other hand, proved to 
be much more efficient at 1555 than at a level. 

The high value found for skim milk powder when fed at the lower 
protein level in the diet indicates its superior nutritional quality, and 
that at the lower level it was supplying almost enough of all the 
essential amino acids to meet the growth requirements of the young 
animals, since there was not much increase in weight gain when the 
protein level was increased to 1555. Casein, on the other hand, showed 
a much greater growth value at the higher than at the low’er levels. 
It is now known through numerous studies that casein is deficient in 
cystine, an observation first made by Osborne and Mendel (’15) nearly 
30 years ago. 

Proteins of the oilseeds and milk ns sxtpplcments to 
wheat flonr proteins 

The data given in table 2 show that the comparative effectiveness 
of the different supplements tested herfe varies with the proportions in 
which they are added to the wheat flour. 

"When mixed with wheat flour in the proportions of 5 to 95 parts 
soybean flour has a higher supplementary value than peanut flour or 
cottonseed flour, and has about the same value as tliat of the mixture 
of the three oilseeds (PCS), but is inferior to that of skim milk pow- 
der. It is of interest to note that soybean flour lias about the same 
value as that of ground wheat alone at the same protein level in the 
diet (table 1), and twice the value of wheat flour alone. 

In a mixture consisting of 10 parts of the supplement and 90 parts 
of wheat flour, soybean flour showed practically the same supple- 
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mentary value as skim milk powder, and produced weigiit increases 
4 times that of the wheat flour alone. 

A mixture of 15 parts of soybean flour and 85 parts of wheat flour 
showed a ^owth-promoting value exceeding that obtained with a mix- 
ture of skim milk powder and wheat flour in the same proportions 
(15:85). These results indicate that the most economical use of skim 
milk powder as a supplement to wheat flour can be made when it is 
mixed with the latter in a proportion not much greater than 10%. 
Although a somewhat higher value was obtained with 15 parts in the 
mixture, the point of diminishing return apparently begins when the 
proportion of skim milk powder to wheat flour is not far from 10 
to 90 parts. 

TABLE 2 

Growih-provwting values of the proteins of soybean flour, peanut flour, cottonseed 
flour, and skim milk powder as supplements to the proteins of 
patent wheat flour. (All the diets eontaine.d 9.1% protein.) 

(Duration of feeding tests — 42 days.) 


( 

i ut 
! no. 

i 

i Average 
j gain 

Average , per gra. 
weight gam protein 
con-* 

1 sumed 

Lot 

no. 

j 

Average i 
weight gain j 

! 

1 

Average 
gain 
per gm. 
protein 
con* 
sumed 

Lot 

no. 

\ 

1 Average 

' weight gain 

1 

1 

Aver- 

age 

gain 

pergm. 

protein 

con* 

suitted 



am. 

fftn. 


am. 1 

pm. 


am. j 

pm. 

Vilicat flour 





1 



1 


alone 

208 

19 (10-30) 

0.75 

... 


. . . 






Supplement 

— S 


Supplement 

— 10 


Supplement - 

-15 

Supplements 


Wheat flour 

— 95 


Wheat flour 

— 90 


Wheat flour - 

-85 

Peanut flour 

272 

29 (20-38) 

0.99 

273 

44 (32-55) j 

1.32 

274 

48 (36-69) 

1.57 

Cottonseed 





! 





flour 

275 

24 (9-41) 

0.91 

276 

41 (30-53) i 

1.29 

277 

42 (29-52) ' 

1.30 

Soybean flour 

289 

39 (20-52) 

1.38 

290 

75 (57-96) i 

2.16 

291 

.93 (77-114) 

2.27 

P.C.S. 





i 





mixture '■ 

299 

36 (28-47) ' 

1.16 

300 

48 (36-70) 

1,40 

301 

70 (53-85) 

1.80 

Skim milk 


1 








^ powder 

319 

49 (30-60) i 

1.44 

320 

77 (60-89 i 

1.80 

.321 

85 (67-106) 

2.06 


' A mixture of equal parts of peanut, cottonseed, and soybean flours. Thd figures in 
parentheses indicate the ranges of wheat increases. 


The data given in table 2 show the supplementary protein values of 
equal amounts of the oilseed flours and skim milk powder when mixed 
with wheat flour. Because of the dilferences in protein content of the 
supplementing materials fed, the figures do not strictly represent values 
for equal amounts of protein, but rather for equal amounts of the 
materials. For instance, in the diet containing a mixture of 5 parts 
of peanut flour and 95 parts of wheat flour, the peanut. flour contributed 
1.8% of protein and the wheat flour 7.3%. On the other hand, the same 
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nmoiint of skim milk powder similarly used, supplied 1.47 cj protein 
and the wheat flour supplied 7.75®. !■*' helieved that for practical 
purposes the comparative values will prove more useful wlicn based 
on the amounts of the supplements used than on the amounts of the 
proteins supplied hy the supplements. 

Mixtures produced by addition of as little as 5 parts of cottonseed, 
peanut or soybean flour to 95 parts of wheat flour contained IG to 19% 
more protein than the wheat flour alone and had a veiy definitely 
greater growth-promoting value of the protein. 

Because of their high content of good quality protein, soyheans, 
peanuts, and cottonseed offer an economical means of supplying dietary 
protein especially in times of scarcity of protein of animal sources. 
In some respects these plant proteins compare favorably with milk 
proteins, which are generally regarded as among the best. They are 
well adapted to enhance the nutritional value of the proteins of wheat 
by supplementation. 

An attempt to correlate with their amino acid composition either 
the growth-promoting values of the oilseeds or their values ns supple- 
ments to the proteins of wheat flour is not very satisfactory because 
there are not suflioiently adequate data available on the amino acid 
content of protein foods. Most of the data available on amino acid 
composition were obtained on isolated proteins. Consequently, the 
values do not represent the foods as a whole from which the proteins 
were isolated. Furthermore, these values for the isolated proteins are 
too low in many cases because of unavoidable losses involved in their 
recovery from the protein hydrolysates. Methods for determining 
amino acids in foods without isolating the proteins are largely in 
the tentative stage. 

It is generally recognized, however, that lysine is an outstanding 
amino acid deficiency in wheat flour. Available data leave little doubt 
that the proteins of the oilseed flours contain sufficient lysine to com- 
pensate for its deficiency in wheat flour. It also appears that wheat 
flour is low in threonine and valine as compared with so}-bean and 
cottonseed flours. Araehin, the preponderant protein in peanuts, is 
well Imown to be deficient in methionine (Beach and TOiito, ’37), 
although the total proteins of peanuts supply a satisfactory amount of ' 
this amino acid. Compared with wheat flour, soybeans and cottonseed 
are low in methionine. Almquist, Mecchi, Kra'tzer, and Grau (’42) 
showed by feeding experiments with chicks that the principal growth- 
limiting deficiency in raw soybean protein is that of methionine, and 
that lieatcd soybean protein is slightly deficient in this amino acid for 
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the chick at a 20% protein level in the diet, Hajnvard and Hafner 
(’41) also found that for rats and chicks the proteins of raw soybeans 
were deficient in available methionine as well as cystine. 

SUMMARY 

The growth-promoting values of the proteins of soybean, peanut, 
and cottonseed flours were compared by the rat-gTowth method, and 
also their values as supplements to the proteins of wheat flour. 

Soybean, peanut, and cottonseed flours contain proteins of high 
nutritive value and offer an excellent means of suppljdng dietary pro- 
tein to extend and partially replace protein foods of animal origin. 

These plant proteins are well adapted to enhance the nutritive value 
of the proteins of wheat flour. The addition of as little as 5 parts 
of peanut, soybean or cottonseed flour to 95 parts of wheat flour pro- 
duced mixtures containing 16 to 19% more protein than wheat flour 
alone and a protein combination that was definitely superior in its 
growth-promoting value to the same quantity of protein from wheat 
flour. 
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That the requirement for the B vitamins in the animal depends in 
part upon the composition of the diet with respect to carhohydrate and 
fat was first suggested hy Funk (’14). Later, Evans and Lepkovsky 
( ’29) found the rate of growth of rats fed diets high in fat increased 
when compared witli those receiving diets higli in carbohydrate. This 
they attributed to a “sparing action” of fat. Since that time consid- 
erable evidence has accumulated to indicate tliat in animals the re- 
quirement for tliiamine is decreased as the fat content of the diet is 
increased (Williams and Spies, ’39, Stirn, Arnold and Elvehjem, ’39, 
Banerji, ’40, Arnold and Elvehjem, ’39). Some investigators, however, 
have failed to confirm such a relationship and the existence of a “spar- 
ing action” of fat has been questioned (Gregory and Drummond, ’32; 
Keramerer and Steenbock, ’33; Sure and Buchanan, ’35). 

In man, studies to clarify this relationship have been few in number 
and the results to^ date equivocal. Widenbauer and Wieland (’39) 
observed increased utilization of thiamine following the addition of 
extra carbohydrate to the diet but this they attributed to the con- 
comitant increase in total caloric intake. Schroeder and Benacchio 
(’39) and Wang and Yudkin (’40), however, found the output of thia- 
mine in the urine reduced when the proportion of carbohydrate in the 
diet was increased without alteration in caloric intake. On the other 
hand no difference in urinaiw thiamine excretion during alternate 
periods of high fat and high carbohydrate intake could be detected hy 
Cahill (’41). Thus, since it is important foi- both theoretical and prac- 
tical reasons to know whether the type of food ingested alters in any 
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vioHsly under tlie same conditions (Elsom et al., ’42) and represented 
a considerable increase in intake of tbiamine over tbe previous diet 
for all the subjects. The purpose of the supplement was to raise the 
thiamine intake sulSciently to bring about a urinary concentration of 
the vitamin that would permit accui'ate determination with negligible 
interference by the urine blank. Thiamine in urine, feces and food 
was determined by the thiochrome method as described in a previous 
paper (Elsom et al., ’42), 

STATISTICAL METHODS 

Comparison of means was made by the method described by Goul- , 
den (’39) for small samples using Fisher’s Table of “t.” Eegression 
lines were calculated by the method of least squares. The significance 
of the regression coefficients also was tested according to Goulden. 
Values of P in all of the tables were evaluated by the usual standards, 

P of 0.05 or less being considered significant and of 0.01 or less, highly 
significant. 

EESULTS 

All of the six subjects showed a trend of rising thiamine excretion , 
during the basal diet period. This was caused by the increased intake 
of thiamine coincident with the beginning of the experiment as de- 
scribed above. Unpublished observations by the authors have shoivn 
that appreciably increasing the daily thiamine intake of man is fol- 
lowed by a stepwise increase in daily excretion in the urine. This 
increase in excretion occurs at a fairly uniform rate for each indivi- 
dual.^ The response to altered thiamine requirement on different diets 
under these conditions is manifested mainly by changes in the regres- 
sion of excretion with time and is not necessarily detectable by com- 
parison of the mean daily output. This was found true in the present 
experiment. Thus, increasing the carbohydrate content of the diet 
over that of the basal period was followed in five of the six subjects 
(1 to 5 in figures 1, 2, 3) by decreased excretion of thiamine.® In sub- 
jects 2, 3, 4 and 5 this took the form of interruption or reversal of the 
rising trend of thiamine excretion (figs. 1, 2 and 3 and table 2) ; in 
subject 1 it was manifested by a lowered mean daily output (table 
3). The mean excretion in subjects 2 and 3 showed a statistically 
significant rise during both the high carbohydrate and high fat periods. 

‘Although vrhen plotted against time the increase is not rectilinear, it may be considered 
so over short periods vrithout introducing appreciable error. 

‘^he decrease ivas statistically significant in subjects 1, 3 and 4, and fell short of statis- 
tical significance in subjects 2 and 5. ' 
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This is esplainod by the recent rise in their tliiamine intake and, in 
vie\r of the reversal in the rising trend of excretion during these periods, 
has no bearing on the effects of the diet studied. Subject 6 showed no 
response. The alteration in thiamine excretion is well shown in the 
graphs for subjects 1 to C, and the significance of the changes can bo 
evaluated from the statistics in tables 2 and 3. It should he noted 
that the change from basal to high carbohydrate diet resulted in the 
same alteration of thiamine excretion regardless of whether a period 


SUBJICT 1 fZar) St/BJBCTB iBrcj 



Fig. 1 Diminished excretion of thiamine during high carbohydrate diet period shown in 
subject 1 decrease in mean output and in both subjects by change in slope of regression 
lines. Each point represents excretion of thiamine in nrine during a 24-hour period. 

of high fat intake intervened. It is apparent also that following tlie 
high carbohydrate diet the regression lines in the subsequent periods 
whether basal or high fat, resume at a lower point than would have been 
the case had the high carbohydrate diet not intervened. Thus, the thia- 
mine supply apparently had been depleted to such an extent that the 
accumulated “stores” were largely consumed. 

The mean daily excretion of thiamine during the high fat period 
was increased over that of the basal period by a significant amount in 
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subjects 1, 2, 3, 4 and 6. liowever, this increase is adequately explained 
by the effects of the thiamine supplement as already mentioned and 
cannot be considered of importance since, with the exception of subject 
6, the slopes of the plotted values did not change appreciably at this 
time. Since the “thiamine-sparing action” of fat, if any, should be 

TABLE 2 


Eff'ect of composition of chet on thiamine excretion in urine: comparison of regression. 


SUBJECT ^ 

1 DASAI. DIET 

‘ (A) 

1 

1 

man fat dii:t 
j (tJ) 


niOIt CATtGOHYDRATE MET 
(C) 

1 

i 

y = 7.25x-f 415 

j 

7.1G ‘ 

^ i 

o.3o: 

i 

Y 7.73x-f-417 

Si. 

3.30 

P 

>0..5 

Y = 1.15.X+385 

S*, 1 

2.25' 

P 

0.08 

2 

Y = ^SO-T-f 225: 

1.39 

<0.0lj 

Y = 5.78x-f-319i 

1.17 i 

<0.01 

Y = 2.20x-f-325; 

1.62 

0.2 

3 

Y==17x-f-234 ! 

5.70 : 

0.02I 

Y = S.6x-f-317 j 

3.75 i 

0.05 

Y = 3.8x-)-40G 

0.82 

<0.01 

4 

Y = 1.26x-f 96 

0.47 

<0,02i 

r== l.S4x-f-lll 

0.79 

0,075 

;r — 3.7x-fl07 

1.56 j 

'<0.0o 

S 

Y = 1.89XX69 

0.5 

<0.0lj 



, , , , 

Y = 0.2Cx-f85 

0.47 

0.06 

6 

1 Y == 75x-f205 

1.57 1 

0.2s 1 

Y == 4.I5.T-f 222 

'2.62 

0,15 

Y = 1.94x4-214 

0.9S 1 

0.07 


•Significance of differences of regression coefficients: (A) — (B) « non-significant; (A) 
— C — P<0.01 for subjects 3, 4, 5, others non-significant; (0) — (B) = <0.01 for subject 3, 
<0,02 for subject 4, <0.05 for subject 1, others non-significant. 


TABLE 3 


Sjfccf of the composition of the diet on thiamine excretion in urine: Comparison of means. 


1 

1 

1 

It'BJECTi 

1 

1 

1 

TltlAMINF. TTSCHETION IK MrCROORAWS 

FElt 24 HOURS (KF.AN AKD STANDARD 

DKVMTJOKft) DITRINO TEIHOD ON ^ 

SIONmOANCE (P) or THE PIFFERENCES 
BETWEEN StBANS 

diet 

1 Hish fat 

1 diet 

1 

High carljohy* j 
drate diet j 

1 

Basal'hich fat | 

1 carbohydrate 

Hipli carbohy- 
drate-hiffli fat 

1 

444 ± 38 

1 467 ± 47 

376 ± 36 1 

0.10 


<0.01 

2 

257 ± 41 < 

351 ± 29 

341 dt 34 1 

<0.01 , 


0.8 

3 

327 ± 70 ! 

1 381 ± 60 

377 ± 38 

<0.01 1 

<0.01 

0.3 

4 

107 * 13 

1 123 2: 16 

124 ± 24 

0.02 i 

0,20 

0.7 

5 

sa -H 1 


85 9 


0.27 


6 

217 i 27 1 

247 2: 30 

230 ± 95 1 

0.05 i 

0.15 

i 0.9 


demonstrated in these subjects by differences in the excretion of thia- 
mine between the basal and high fat periods, where the carbohydrate in- 
take is not strikingly altered, and since no differences ivere observed, 
no “sparing action” is indicated. 

In snioject 6 there is a perceptible increase in slope during the high 
fat period as compared with the basal period which might be con-, 
strued as evidence that fat was decreasing the need for thiamine with 
resultant greater surplus -for excretion. The difference, hoivever, fell 
short of statistical significance by a considerable margin. Furthermore, 
this subject showed a mean increase in the urine of 1.3 gm. N per 24 
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hours on the high fat diet at the same time tliat there was a loss of 
0.7 kg. in body weight. Tfie increase in urinary nitrogen, togotiier with 
the weight loss, suggests a failure to use ct&cicntly the high proportion 
of fats supplied by the diet. Increased output of tbinmmo in these 
circumstances might be explained in part hy thiamine released tliroijgh 
destruction of tissues and in part hy the lower level of food utilization. 


SUBJECT 3. tHELl 


HiOM 

CAftBO- HIGH 



SUBJECT 6. (CRA) 


CAttBO- 



Fig. 2 Sobject 3; rising excretion of thinnunc duriDg bttsai diet period interrupted by 
change to high carbohydrate diet tvith TesuUant decrease in excretion. Itesumption of rise 
during subsequent high fat diet period. Subject C: vo Bignificant effect of diet. 


Xitrogen excretion, determined in two other subjects (4 and 5) 
showed no change.® Body weight, likewise, was unchanged in subjects 
1, 4 and 5. Subject 2 gained weight during the basal diet period (0.7 
kg.), probably due to the high caloric intake. The upward trend in 
weight was interrupted during the high carbohydrate period and re- 
sumed again when the high fat regime was instituted. A total of 1.3 
kg. was gained at this time. Since subject 3 was on a similar regime, it 
is probable that similar changes in weight occurred. 

No differences were observed either in free or total thiamine in tire 
feces of two subjects in any of the experimental periods (table 4.) 

* We are iaJebteil to I>r. Helleu GouJaittit for all detemtiuations of uriaary altrogeo. 
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SUBJECT 4. (SHU) SUBJECT 5, (BRA) 



DAYS 

Fig. 3 Subject 4: absence of effect on thiamine excretion during high fat diet period 
contrasted with decrease during high earhoJrydrate diet period. Subject 5; rising trend 
of thiamine e.xcretion during basal diet period reversed during high carbohydrate diet period. 

TABLE 4 

Excretion of thiamine in feces (hiring the different experimental periods; Comparison of means. 


MEAK TltlAMrXE EXCRETION MIOSOQRA5IS 1>EK 24 llOUns 


SVJPJECT 

BbbbI diet 

High fat diet 

High carbohydrato diet 


Free 

To(a! 

Free 

Total 

Free 

Total 

1 

121 ± 79 * 

558 ± 279 

57 ^ 33 

374 liz 136 

63 S: 20 

600 Si 233 

,s 

87 ± 66 

299 ± 201 

95:±:77 

263 ± 244 

66 2; 30 

202 3: 100 


" Standard deriation. 


DISCUSSION 

Tlie output of tbiamine in the urine is determined jirimarily by tbe 
amount of tbiamine ingested (Elsom et ab, ’42). When tbe intake 
is maintained constant and other factors, such as exercise and infec- 
tion, ■W’bicb have been found to influence its output, are eliminated as 
variables, the amount in tbe urine represents that portion of tbe intake 
which has not been (1) lost through tbe gastro-intestinal tract, (2) 
retained in tbe tissues or (3) used in metabolic processes. 

At tbe levels of tbiamine intake employed in these experiments all of 
the vitamin ingested is apparently absorbed from tbe gastro-intes- 
tinal tract and tbe tbiamine in tbe feces may be accounted for by tbe 
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synthetic action of intestinal microorganisms. At higher levels of in- 
take an increasing proportion of the ingested dose may be recovered 
from the feces (Elsom et ah, unpublished observations). The lack of 
importance of the fecal thiamine in these experiments ivas established 
by the failure to obtain significant differences, either in free or total 
thiamme in the feces, in any of the three experimental periods. 

Variations in the rate of absorption of thiamine from the digestive 
tract appear to explain to some extent daily variations in the urinary 
excretion of the vitamin (Elsom et ah, ’42) when the intake is main- 
tained at a given level. However, factors causing variation in absorp- 
tion presumably would be comparable in the different periods and 
could not explain the differences observed in these studies. Our sub- 
.icets showed no indication of abnormal function of the digestive tract 
and it is unlikely that fermentative formation or destruction, vai-ying 
in extent with the different diets, could have brought ahout the differ- 
ences observed. 

Cleavage of thiamine is kiioivn to occur in the course of its meta- 
bolic activity (Schultz, Atkin, and Prey, ’40; Pollack, Ellenbcrg, and 
Dolger, ’41; Gorham, Abels, Robins and Rhoads, ’42). Although it is 
possible that the cocarboxylase concentration of tissues may increase 
as a result of the increased need for this coenzyme, animal experiments 
have failed to show that tissue thiamine is altered by high fat or high 
carbohydrate intake (Kemmerer and Stcenbock, ’33 ; 'Westenbrink, ’34). 
Thus it seems unlikely that the decreased excretion observed during the 
high carbohydrate period could have been the result of retention in 
the tissues. 

In view of these considerations the decreased excretion of thiamine 
during high carbohydrate intake in these subjects may be interpreted 
as indicating increased need for thiamine in the metabolism of the 
extra carbohydrate with consequent increase in the rate of its de- 
struction. 

The conflicting results of previous studies of the effect of fat 
on the thiamine requirement of animals appear to be explained bv 
marked changes in the carbohydrate content of the diet when the ef- 
fects of alteration in fat' were being sought. Thus, a “sparing action’’ 
of fat was observed only when the fat was fed in conjunction with low 
carbohydrate intake (Evans and Lepkovsky, ’29; Westenbrink, ’34. 
Arnold and Elvehjein, '39; Salmon and Goodman, ’37 ; Stirn et ah, ’39 '; 
Banerji, ’40; Banerji and Vudkin, ’42). When, on the other hand, diets 
high in fat were compared with diets of which the carbohydrate content 
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was not strikingly different, no “sparing action” was detected (Greg- 
ory and Drummond, ’32; Kemmerer and Steenbock, ’33; Sure and 
Buchanan, ’35). The results of our experiments also show no effect 
of fat as such but a decided effect of carbohydrate. 

The failure of Cahill ( ’41 ) to find that high carbohydrate intake 
altered thiamine excretion is more difficult to explain since the dietary 
conditions of this experiment were well controlled. One outstanding 
difference in his experunents from those here described was that, his 
Subjects were active, whereas ours were sedentary and their activity 
did not vary from day to day. Exercise is known to inci’ease the need 
for thiamine (Guerrant and Butcher, ’40) and unless the amount of 
activity is regulated, would inti-oduce a complicating factor. The use 
of single 24-hour specimens for comparison as in Cahill’s experiments 
likewise would diminish tbe likelihood of finding differences because 
of the exaggerated influence of random variations m urinary output of 
thiamine in such a short collection period. 

Although Widenbauer and Wieland (’39) regarded the decrease 
in excretion of thiamine in urine that occurred during a 5-day period of 
high sucrose intake as insignificant, statistical analysis of their data 
shows that, on the contrai-y, the decrease is statistically significant 
and that if the first day of each period is omitted the differences be- 
come highly significant. Their belief that the rise in total caloric 
intake was responsible for the difference that occurred is not sup- 
ported by comparable experiments in which fat alone was increased, 
nor is it in agreement with our observations (Blsom et al., ’42). 

Thus it seems possible to reconcile the apparently conflicting re- 
sults hitherto obtained. In view of the dependence of thiamine excre- 
tion in urine upon thiamine utilization wlien intake and other factors 
are kept constant, the decreased thiamine excretion observed when 
diets high in carbohydrate were fed indicates that the proportion 
of carbohydrate in the diet is an important factor determining the 
daily i-equirejnent of thiamine. 

SUMMARY 

1. The urinary excretion of thiamine was decreased in five out of 
six women when the carbohydrate-fat ratio in the diet was increased, 
all other dietary and environmental factors remaining constant. The 
decrease in thiamine excretion was manifested by interruption of a 
rising trend of excretion in four subjects and by a decrease in mean 
excretion in one. 
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2. ^^o evidence of a “thiamine-spaniij' aclioii” of fat was ob- 
served. . 

3. Excretion of free and total tbiamine in the feces lyas not sig- 
nificantly affected by cbangcs in carbobydrato-fat ratio of tbe diet. 

1. The present oiiservations demonstrate tbat tbe amount of carbo- 
hydrate in tbe diet is an important factor in determining tbe daily 
human requirement for thiamine. 
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The problem of attaining adequate nutrition for an Army, under 
difficult conditions of supply, with the subsequent prevention of nu- 
tritional deficiency symptoms, is an important one. In particular, the 
provision in desirable quantities of certain of the B-complex vitamins 
and ascorbic acid poses a difficult problem if available foods should 
include only canned meats and grain products ns primnr>' sources of 
the former, and canned or dehydrated vegetables for the bitter. It' 
is true that the commercial enrichment of grain products and commer- 
cial synthesis of ascorbic acid have served to ameliorate the situation 
somewhat. Nevertheless, the provision of any accessory source of 
these vitamins is highly desirable, and particularly so when a food 
group such as dried legumes provides a means of supplying them. This 
is true because dried legumes in addition to being plentiful and inex- 
pensive, are also relatively light in weight and small in bulk in the 
■ quantifies needed for 100 men. Furthermore, they are foods of excel- 
lent nutritive value in themselves, containing high quality protein, 
iron, calcium and certain vitamins. 

As early as 1912, Holst and Frolich proved experimentally that 
vegetables of high antiscorbutic potency became useless for the pre- 
vention of Bcurr’y when dried and made suitable for military'supplv. 
Fiirst, in 1912, proposed the use of germinated seeds as a solution to 
the problem. The menace of scurr-y to British and Indian troops in 
Mesopotamia during 1915 and 1916 focused the attention of the Lister 
Institute group on the earlier work, with the result that Chick and 
Delf (T9) made an extensive investigation of the problem and found 
dry peas and lentils eminently suited for transport and production of 
considerable “antiscorbutic stuff”, when germinated for use as re- 
quired. 
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Using rat growtli methods, Eose and Phipard (’37) compared the 
vitamin B and G values of fresh, frozen, dry, and sprouted peas and 
lima beans. They noted a loss of vitamin B and a gain of vitamin G 
(riboflavin) in the 14-day-old seedlings over that in the dry seed. 

Burlvholder and McVeigh (’42) found significant increases in the 
concentration of riboflavin, niacin, biotin, and pyifidoxine dui’ing the 
germination of several kinds of seeds. They found little or no change 
in thiamine concentration following germination. All analyses were 
made on the plant material after drjfing at 70*’ C. for 12 hours. 

In a subsequent paper, Burkholder (’43) summarized a comprehen- 
sive study of several of the B-vitamins in sprouted oats, wheat, barley, 
and corn. In all eases, sprouting increased the content of riboflavin 
and niacin, while the thiamine content remained unchanged. The re- 
sults indicated considerable retention of the increased vitamins during 
dehydration of the sprouted seeds. 

During the present war, the Australian Army, working through the 
Council for Scientific and Industrial Eesearch and the facilities of the 
University of Adelaide (’42) have developed routine instructions for 
the proper sprouting of the ‘‘blue boiler” pea. 

This laboratory has determined the productiveness of certain legumes 
during the process of germination with respect to thiamine, riboflavin, 
nicotinic acid, and ascorbic acid. On the basis of suitability for military 
use, three main types of legumes have been chosen ; dried peas, soybeans, 
and other beans. The actual species under each type are as follows: 
Peas — Alaska, Wrinlded, Blackeye Cowpea; Soybeans — Peldng, 
Bansei-1, Edsoy, Clemson, Higan-B, Easycook; Beans — Navy, Baby 
Lima, Bed Kidney, Pinto. 

It was desired to find out which type and species would be the most 
productive of the vitamins under consideration, and to discover pos- 
sible etfects of environmental variation. 

EXPERHUENTAL PROCEDURE 

Method of sprouting legumes 

A quantity of each of the dry legumes (250 gm.) was weighed and 
placed in a sterilized burlap bag large enough to permit a five-fold 
increase in volume during soaking and sprouting. (In most eases 
duplicate samples of each legume were weighed and placed in separate 
bags.) The bags containing the legumes were immersed in tap water 
and allowed to soak for 8 hours. At the end of this period, considerable 
water had been absoi-bed and the legumes had increased in size and 
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softened considerably. (Excessive soaking, i.e., 24 hours, only served 
to accelerate the appearance of rot.) The bags xvere then siisponded 
individually by cords attached to an overhead rack and allowed to 
drip into pans placed below. The rack was placed indoors abovrt 3 feet 
from an open window which allowed free circulation of air. Following 
the initial soaking, the bags containing the legumes were thereafter 
immersed in fresh water for 20 minntes three time.s daily at 8-honr 
intervals. 

Temperatures were taken twice daily with a thermometer siisponded 
beside the bags, and occasionally an internal tcmjicvaturc was recorded. 
The latter practice was discontinued when it was found that tlie in- 
ternal temperature ranged consistently from 2° to 10°F. cooler than 
the external (room) temperatnre, presumably due to the evaporation 
of water. 

Each morning just before soaking, the legumes wore emptied from 
the bags into clean dry hcakevs, weighed, and then weighed samples 
u-ithdvawn for vitamin analysis. The remaining legumes were then 
returned to tiio bags for further sprouting. 

Germination 

Some signs of germination were usually observed at the end of 24 
hours, and in most cases sprouts were fully evident about 48 hours after 
the time that soaking was started. Germination counts made at that 
time on all varieties of legumes were as follows: Peas — Blackcyo Cow 
Pea (96%), Alaska (95%), "Wrinkled (96%); Soybeans — Peking 
(85%), Bansei-1 (97%), Edsoy (95%,), Clemson (98%), Higan-B 
(100%), Easycook (100%,); Beans — Baby Lima (81%.), Bod Ifidney 
(0%) (no sprouts), Navy (35%,), Pinto (84%). 

Determination of moisture 

An example of the method used (in the field) for routine determina- 
tion of moisture on the air-dry basis is as follows: 250 gni. of nir-drx- 
beans had increased in weight to 598 gm. at the end of 24 hours. The 
ratio 250/598 = 0.42 was applied to the weiglit of moist beans (50 gm ) 
taken out for analysis. This gave the weight of air-drj' matter in tlie 
sample removed for analysis (21 gm.). This value was subtracted from 
the original 250 gm. to determine the calculated weight of legumes on 
the air-dry basis returned in the bag for further sprouting (229 gm ) 

Results obtained from the actual determination of moisture (drW 
to constant weight in an oven at 100“-104“C., and allowing samples to 
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come into atmospheric equilibrium) were in close agreement with the 
calculations described above. 

Ascorbic acid 

Determination of ascorbic acid was carried out by a modification of 
the method of Mindlin and Butler (’38), the modification being de- 
veloped dui'ing the course of this investigation. It was found that the 
preliminary preparation of the samples, particularly soybeans, as 
carried out according to methods described in the literature, including 
that of Loefiler and Ponting (’42), did not provide for the effective 
removal of protein and other interfering substances. As a result, it 
was impossible to measure the degree of reduction of the indophenol 
dye because of the presence of a simultaneously appearing precipitate 
whicli had the effect of increasing turbidity, thus interfering with the 
passage of light through the solution to be measured. 

• The foUoAving method was finally developed and used with success : 
A weighed sample of sprouted legumes was finely connninuted and 
extracted in 2% metaphosphoric acid by means of a Waring blender, 
and then centrifuged. An aliquot of the supernatant liquid was with- 
dra'wn and treated for 15 minutes with } volume of 25% trichloracetic 
acid to precipitate the interfering substances referred to above, and 
then centrifuged. An aliquot of this supernatant solution was placed 
in a photoelectric colorimeter, and a solution of buffered 2,6 diohloro- 
phenol indophenol dye was added. After 30 seconds, the galvanometer 
deflection was read and the remaining dye color was destroyed with 
a few crystals of pure ascorbic acid before taking the second reading. 
After determining the deflection due to the dye solution alone, the 
ascorbic acid content of the unknown was calculated. Beeoveries of 
90-100% added ascorbic acid were obtained using this method (i.e. after 
removal of interfering substances by the use of trichloracetic acid in 
the presence of metaphosphoric acid, as described). 

Thiamine — riboflavin — nicotinic acid 

Thiamine was determined by the thiochrorae method of Hennessj’ 
and Cereeedo as adopted by the Kesearch Corporation Committee, 
riboflavin by the microbiological method of Snell and Strong (’39), 
and nicotinic acid by the microbiological method of Snell and Wright 

(’41). 

RESULTS AND DISCUSSION 

The generation of the various water soluble vitamins investigated in 
this project is indicated in tables 1 and 2. It is apparent that sprouting 



TABLE 1 

sprouted traunxes (mg. per 100 gm. inoi*i legume) 
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causes a marked increase in ascorbic acid, a fair increase in riboflavin 
and nicotinic acid, and none in thiamine. This is over and above the 
vitamin content inherent to the non-germinated legume. 

Generally speaking, the various varieties of peas were found to 
produce the greatest quantities of ascorbic acid, riboflavin and nicotinic 
acid. Soybeans, while less efficient in this regard, were novortlieless 
of considerable merit, and markedly superior to the other types of 
beans investigated, which showed a tendency to rot. The rotting, in 
turn, was associated with a cessation of vitamin production. 

It was observed also that the rate of germination, for all types of 
legumes investigated, showed a direct correlation with the temperature 
of the, room. In turn, the rate of generation of the vitamins (thiamine 
excepted) followed the same trend ns the rate of germination. 

A 100-gm. sen-ing of sprouted peas and soybeans, before cooking, 
would provide approximately the following minimal quantities of 
nutrients, (mg.), according to the results obtained in this investigation. 
Ascorbic acid — peas (25.0), soybeans (12.0); riboflavin — peas (0..S5), 
soybeans (0.45); nicotinic acid — 'peas (1.40), soybeans (1.00); thia- 
mine — peas (0.24), soybeans (0.28). On the same basis, other beans 
would provide 3.0 mg. of ascorbic acid, 0.30 mg. of riboQnnn, 0.30 mg. 
of nicotinic acid and 0.1 mg. of thiamine. 

The values listed above are conson'ative average values obtained 
when the sprouts had attained 2 inches in length. In the summer months, 
this occurred after 72 hours, which included the soaking time. Tliis 
period was found to bo increased to appro.vimatoly 120 Jiours at tlie 
lower temperature of the winter months. The 24-hour temperature 
range was as follows: summer, 68‘’-97'’F.; vinter, C4°-75°F. In addi- 
tion, it was found that the sprouts became less tender and palatable 
when they exceeded two inches in length. When sprouted in the man- 
ner described and eaten at this stage, the peas and soybeans are very 
palatable, and possess an excellent flavor. It is considered that the 
final product would be highly acceptable as a palatable food ns well as 
an aocessoiy source of vitamins. Tlie antiscorbutic value of such 
sprouted legumes has long been proven where the supply of fresh 
or canned fruits or vegetables is limited. It also appears that these 
legumes are of additional value because of small ’ but significant 
quantities of other water soluble vitamins. 

SUMMARY 

Dried peas, soybeans, and other legumes have been investigated in 
relation to their generation of ascorbic acid, thiamine, riboflavin, and 
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nicotinic acid following germination. It has been determined that, 
generally speaking, snch sprouted legumes are an excellent source of 
ascorbic acid, fair as a source of riboflavin and nicotinic acid, and poor 
for thiamine. The various varieties of peas were more productive 
of the vitamins concerned than were soybeans, which, howeter, were 
of considerable merit and markedly superior to the other types of 
beans investigated. A temperature effect was determined, indicating 
that both germination and the generation of vitamins proceeded at a 
faster rate at the higher temperature range. The applicability to 
military conditions of this method of producing an accessory supply' 
of water soluble vitamins is indicated. 
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two periods and 0.76, 0.77, and 0.76 in the fourth, fifth, and sixth 
periods. Analyses for periods 5, 7, and 8, respectively, of the last three 
experiments Avith water shoAved a complete absence of methane in the 
expiratory gases and in period 8 on October 25th only 0.012% of 
methane. 

The effect on the R. Q. of the ingestion of 25 gm. of glucose AA’as caT 
dent in three experiments by the third period and reached its maximum 
in the third and fourth periods in three experiments and in the sixth 
period in tAvo experiments. In the tAvo experiments in Avhich base-line 
values Avere obtained, the maximum rises above the base-line were 
0.11 and 0.07. The aAmrage quotients for the successive periods after 
ingestion of glucose Avere 0.73, 0.76, 0.80, 0.80, 0.79, 0.80, 0.79, and 0.78. 
The rises in tlie quotients of these goats in this series of experiments 
Avere nearly as large as those noted Avith man after the administration 
of 50, 62, or 100 gm. of glucose. It is assumed that these are true 
metabolic quotients, as an attempt Avas made to introduce the solution 
of glucose into the true stomach and thus avoid fermentation. Un- 
fortunately the methane content of the chamber air was determined 
in only three periods in the glucose experiments (period 8 after glucose 
on October 27th and periods 4 and 7 on November 2nd). In these in- 
stances it Avas found to be 0.007, 0.003, and 0.024%, respectively. It is' 
questionable Avhether the maximum amount is significant. 

There are some indications that the metabolism of carbohydrates is 
different in ruminants from that in other mammals. KrzyAvanek and 
Briiggemann (’33) report that the administration of glucose into the 
true stomach of the sheejD had no appreciable effect on the leAml of 
blood sugar. This absence of effect they ascribe to fermentation of 
the sugar in the stomach of the ruminant. Cutler ( ’34) found that the 
normal resting blood sugar of twenty-six goats ranged in the majority 
of cases from 40 to 50 mg. per 100 ml. and that the oral administration 
of 1.5 gm. of glucose per kilogram of body Aveight caused the blood 
sugar to rise from a base-line of 42 mg. to only 59 mg. She offered as 
an explanation that the goat is a ruminant and, therefore, possibly the 
rate of absorption is relathmly sIoav. Magee ( ’32) found that the blood 
sugar of goats rose from a base-line of 80 mg. to 110 mg. per 100 nil. 
after 50 gm. of sucrose and 150 gm. of starch, when the animal had 
fasted 48 hours. After longer fasting, the rise Avas not so great. 

The effect on the E. Q. of the ingestion of 25 gm. of fructose Avas 
evident promptly, as there Avas a definite rise above the base-line in 
the first and second periods after the dose. The maximum occurred 
in the third and fifth periods. The average quotients after fructose 
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were, by periods, 0.81, 0.82, 0.86, 0.84, 0.85, 0.84, 0.82, niul 0.82. Sig- 
nificant'amoimts of metliane were detectable in only two of the periods 
after fructose in wliicli these analyses were innde (October 24tb, periods 
3 and 8, 0.007 and 0.041 ; October 28tb, periods 4 and 8, O.OOG and 
0.025%). The maximum rise was lower and occurred later with tbe 
goat than with man after administration of 50 or 100 gm. of fructose. 
The effect of fructose on the R. Q. of the goat rcsemblo.s moi-c nearly 
that found with cats (unpublished experiments) than that noted with 
man and with monheys (Carpenter and Hartman, ’44). 

The effect of the ingestion of 25 gm. of galactose was evident in all 
four experiments by the fourth period. The results in the experiment 
on October 26th were irregidnr. It is possible that the solution might 
not have been introduced into the true stomach. However, the two 
analyses made for methane in this experiment indicate no fermentation. 
The last four periods in this experiment show a distinct rise in the 
R. Q. The maximum rises in the other three experiments were 0.08, 
0.06, and 0.06 in the fifth, seventh, and fourth jieriods, respectively, 
after administration of the sugar. The average quotients after galac- 
tose wore, by periods, 0.76, 0.75, 0.77, 0.77, 0.70, 0.79, 0.79, and 0.78. 
These resemble closely those after the ingestion of 25 gm. of glucose. 
Analyses for methane were made in a total of nine periods. In the 
several experiments, in the third period after ingestion of galactose, 
the methane values wore 0,0, 0.015, 0.013, and 0.0157c> respectively, and 
in the sixth or the seventh period they were 0.0, 0.031, 0.012, and 0.035%i, 
respectively. In the eighth period on November 1st, one analysis 
showed 0.008%. In other words, in three experiments a measurable 
amount of methane was found in the third and the sixth or the seventh 
period after ingestion of galactose, but in the experiment in which 
if was doubted whether the solution was placed in the true stomach 
no methane was found. The finding of methane in several periods 
indicates that the metabolism of galactose in these goats was accom- 
panied by fermentation. The effects of such amounts of methane on 
the R. Q. are negligible. The changes in the quotients of goats after 
galactose ingestion differ from those with man after 50 gm. of galac- 
tose, as the rise -with man is much gi-eater and the peak occurs earlier 
than with goats. 

Beat production and metabolism of carbohydrates 

The values for the heat production in the basal periods, calculated 
to the basis of 4 hours from the measurements of the respiratory ex- 
change, and for the heat production during the 4 hours of measure- 
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ment after the ingestion of water and of the sugars are given in table 2. 
The values are not coi’rected for activity, as the purpose of the calcu- 
lation of the heat production was to estimate the metabolism of the 
carbohydrates. Because of the variability in activity, no conclusions 
can be dra'wn as to the effects of ingestion of water or of the sugars 
on the output of energj". The metabolism of carbohydrates was calcu- 
lated in the usual empirical manner from the measurements of the 
respiratory exchange, after correction for the metabolism of protein 
on the assumption that 15% of the oxygen absorption was ascribable 
to the oxidation of protein. The values are given in table 2. 

TABLE 2 


Seat production and metaiolism of carioltydrates heforc and after ingestion 
of laater or sugar bp goats. 

(Values per i hours) 


DOSE ‘ 

A^•D DATE 

GOAT 

NO. 

SEX 

BODY 

W'EtOnT 

HEAT pRODucrros 

CAnnOHYDRATE 

JtETABOLiZED 


Basetine 

1 After dose 

Biisdine 

1 After dose 

* 1535 





cal. 

ffm. 

! ffm- 

TTater 







1 

June 29 

8 

u 

33.3 


198 


0.0 

June 30 

9 

M 

33.3 

. . . 

201 

. . • 

0.0 

Oct. 25 

O 

w 

M 

37.0 


177 

, , . 

3.6 

Oct. 29 

6 

P 

41.5 


189 

» • • 

3.8 

Nov. 4 

5 

F 

45.1 


207 


6.5 

Glucose 








Feb. 25 

7 

. F 

42.9 

. . « 

177 

, , . 

14.8 ■ 

Jane 29 

8 

M 

33.3 

... 

204 


1.7’ 

June 30 

9 

M 

33.3 

. . 

196 


3.1 = 

Oct. 27 

4 

F 

39.2 

179 

173 

.3.5 

■ 13.2 

Nov. 2 

3 

F 

35.8 

144 

149 

2.3 

8.3 

Fructose 








Oct. 24 

2 

hi 

39.2 

197 


10.0 

19.8 

Oct. 28 

5 

F 

43.8 

217 

227 

4.0 

16.9 

Galactose 








Oct. 26 

3 

F 

35.4 

186 = 

165 = 

3.0 

4.2 = 

Oct. 31 

1 

M 

39.5 

167 

168 

3.6 

11.4 V 

Nov. 1 

2 

K 

36.7 

189 = 

168 

0.0 

3.8 

Nov. 3 

4 

F 

40.6 

164 

166 

5.0 

9.5 


* In the experiments on Feb. 25, June 29, and June 30 the goat was given the solution to 
drink a few spoonfuls at a time; in all other experiments the solution was introduced hy 
stomach tube. 


’ Goat active. 

* Solution of galactose may not have been introduced into the true stomach. 
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The amounts of carbohydrate utilized in 4 hours in the base-line 
periods varied from 0 to 10.6 gm. The majority were under 4 gm. As 
no base-line values wore determined in the experiments with water, 
no conclusion can die drawn regarding the effect of ingestion of water 
on the metabolism of carbohydrates. However, from the changes in 
the E. Q. in the experiments with water and from the general lo%'ol 
of the base-line values for carbohydrate metabolized in the other series 
of experiments, there is evidence in three of the experiments that the 
metabolism of carbohydrates was slightly increased after the ingestion 
of 250 ml. of water. In the experiments with the sugars, the metabolism 
of carbohydrates was highest after the ingestion of fructose, both from 
the standpoint of absolute values and from the standpoint of increases 
above the base-line values. Even when the base-line value was high 
(10.6 gm. with a base-line R. Q. of 0.79), there was an increase of 9.2 gm. 
The carbohydrate metabolized after ingestion of glucose was the next in 
order of increase above the base-line, if the experiments in which the 
sugar was not given by stomach tube are disregarded. After ingestion 
of galactose the increases were the least, except in one experiment 
where the increase was 7.8 gm. With man the greatest increase is after 
fructose ingestion, whereas the increases after administration of the 
other two sugars are less and about the same. Tiie rate of metabolism 
of carbohydrate after fructose ingestion is so high \rith goats that 
25 gm. of this sugar might not suffice for much longer than 8 hours, 
whereas 25 gm. of galactose might supply the necessary carbohydrate 
for from 12 to 24 hours. 


BUMMAEV 

The respiratorj' exchanges of four male and five female adult goats 
were determined 40 hours after withdrawal from food (1) under basal 
conditions and (2) in eight successive 4-honr periods after the admini- 
stration by stomach tube of 250 ml. of water at 37“-38°C., or of 25 gm, 
of glucose, fructose, or galactose dissolved In 125 ml. of w'ater and an 
additional 125 ml. of water for rinsing. 

Water produced a slight but somewhat delayed increase in the R. Q. 
Fructose caused the greatest increase in the E. Q. and the greatest 
increase in the metabolism of carbohydrates. Glucose was next in tlicse 
effects, and galactose had the least effects. Qualitatively these results 
resemble much those found with man with these sugars. There was 
evidence of a slight amount of fermentation after the ingestion of 
galactose and of fructose by the goats. 
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THE ROLE OP DIETABY PAT AND LINOLEIC ACID IN 
THE LACTATION OP THE RAT 

J K. LOOSLl, JOHN F. UNGEKPELTEK. J. \VM. THOJUS 
and L. a. MAYNARD 

Laboratory of A’ntn/fon, CornfU University, Uhaca, Knc Tort: 

(Received for publiention April 13, 1D44) 

In a long sei-ies of experiments summarized by Maynard and co- 
workers in 1941 it has been sbo-wn that dietary fat stimulates milk 
secretion in dain- cows. A somewhat greater quantity of milk was con- 
sistently produced on the higher fat diet. Maynard and Rasmusso)] 
(’42) used the growth rate of standardized litters to demonstrate that 
high-fat diets support better lactation performance in rats than low- 
fat diets. Corn oil and crude coconut oil seemed to have a similar 
effect despite their widely different fatty acid makeup. 

In order to investigate possible explanations of the effect of fat on 
lactation performance experiments were set up to measnro the gr-owth 
of litters whose mothers were fed a diet free from fat ns compared with 
varying amounts of corn oil, and hydrogenated fat. The composition 
of the diets is shown in table 1. 


METHODS 

Mature female rats which had previously littered were mated and 
caged separately before parturition. After 12 but before 24 hours 
following parturition, the feed was removed and the litters standardized 
to six. Pemales were selected in pairs, triplets or quadruplets that 
were similar in body weight and in weight of litter for comparison of 
the diets. The females were fed equicaloric amounts of food usually 
corresponding to that consumed by the female on the fat-free diet. The 
young and mothers were weighed daily during a 17-day period to 
follow growth increases and to note individual characteristics of the 
litter. On the morning ending the 17-day period the young were ether- 
ized, the viscera removed and the carcasses frozen until chemical 
analyses were made. The results obtained with four females on each 
treatment are shown in table 2. 

It is seen that when the diet contained 5.5, 11.3, or 19.2% of corn 
oil the gi-owth of the litters was definitely superior to that on the low 
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fat diet. This suggested that an essential nutrient element was being 
supplied to satisfy metabolic needs at all levels of corn oil fed. 

Comparisons wmre then made of the low-fat, corn oil and hydrogen- 
ated corn oil diets using trios of rats. The' results (table 2) show tlie 
superiority of the corn oil over the low-fat diet. On the diet containing 
hydrogenated corn oil the 3 ’'oung made less gain in weight than on 
the low-fat diet and the mothers lost more weight. These results 
cannot be given much reliance because balance studies revealed that 
as an average only 54.3% of the hjulrogenated corn oil was absorbed, 
and, therefore, the calories available for maintenance and lactation 
■were appreciabty less than for the mothers fed the low-fat or corn 
oil diets. 

Hj’-drogenated coconut oil was next selected for comparison because 
of its relatively lo-w melting point and high digestilrility (Hoagland and 
•Snider, ’43). In this comparison (table 2) less growth was obtained 
on the diet containing hydrogenated coconut oil than, on the low-fat diet. 

Carcass analyses of the young from these three studies showed that 
most of the extra gain in weight of the young on the com oil diet Avas 
due to the deposition of extra body fat. There was only a slight in- 
crease in total protein deposited. 

These data confirmed the earlier study from tliis laboratory in shoAV- 
ing that corn oil in the diet of rats stimulates lactation performance. 
It appeax'ed that something in corn oil, lost by hydrogenation, Avas 
responsible for the faster groAvth of the young rats. The possibility of 
a deficiency of the essential fatty acids presented itself. 

Linoleic acid not the first limiting factor 

To test the possibility that a deficiency of linoleic acid was retard- 
ing the groAAdh of the young, tAvo female rats Avith litters standardized 
to six Avere at parturition placed on a fat-free diet (described later). 
Each litter Avas dmded into tAvo groups of three. To one group of the 
3 ’^oung nursed by each mother AAms fed 1 drop of ethyl liuolate per day. 
To the other group AAms given 1 di-op of fully hydrogenated coconut oil 
per day. The feeding period Avas extended to 17 days. In neither case 
could any significant advantage be assessed to the group receiving the 
ethyl linolate. 

On tlie basis of this preliminary test it Avas felt that any advantage 
due to ethyl linolate AAmuld result from a stimulus to the lactation 
process, and that poor groAvth of the young on the loAA^-fat diet Avas not 
due to a deficiency of the essential fatty acids in the milk. 
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To test the lactation response due to linoleic acid and to obtain inoro 
data on the value of hydrogenated coconut oil four different miti-iont 
comparisons rvere studied. They were, an ether e.vfracfed purified 
diet, the same supplemented with 125 ing. of ethyl linolale for each lat 
daily, a purified diet containing 10% hydrogenated coconut oil, and 
a purified diet containing lO^o corn oil. The same low-fat diet shown 
in table 1 was used except that the corn starch was replaced with 

TABIX 1 


Composition of dirts. 


rKOREprr>T 

Mtvr 

TV.t 

COttN 

OIL 

cons 

OIL 

con.*: 

on. 

iivnio- 

nrsATf-o 

COTIN on.' 

nVDBO- 
OI.K4.Ttn 
eorosvT on.' 


jwrfa 

parlt 


Tinrf/ 

p»rt$ 

rnrf* 

Casein 

SO 

SO 

20 

20 

20 

20 

Yeast (extracted) 

5 

ff 

jj 

5 


r, 

Corn starch 

40 

S3 

30 

35 

25 

3G.3 

Sucroso 

30 

11.3 

17 

23.4 

11.3 


Bone meal 
(extracted) 

o 

o 

o 

2 

2 

o 

Salts 

(Haxvk and Osier) 

3 

3 

3 

s 

.3 

S 

Cliolinc 

0.1 

0.1 

o.i 

0.1 

0.1 

0.3 

Cystine 

0.2 

O.S 

0.2 

0.2 

0.2 

0.2 

Pat 


15 

10 

5 

15 

15 









Total 

100.3 

81.G 

87.3 

D3.7 

Sl.C 

81.5 

Protein Tc 

10.9 

23.3 

21.G 

20.4 

21.8 

24.7 

Tat % 

O.S 

las 

33.3 

.7.5 

37.3 

28.5 

Ash % 

52 

5.4 


4.G 

5.7 

.5.5 


*The corn oU 'vas hydrogenated in our laboratory to nn I.V. of 30. 

'The hydrogeftfited coconut oil (I.V. O.C) was kindly furnishctl by Lorcr Brothers, New York, 
N. T. 


Kach female received daily 40 I.U. of vitamin A, 4 I.U, of vitamin D, 0.2 mg. of alpha* 
tocopherol and 15 drops of rice bran concentrate, “Vitab”. The fCTn'^les were irradiated for 
30 minutes three times each week. 


sucrose. In the high-fat diet 10 parts of the oii repiaced an cquicalorie 
amount of sucrose. The casein, yeast and bononical wore extracted 
with ethyl ether continuously for 48 hours. The corn oil used in diet 3 
was a purified grade with an iodine value of 126.3. The hydrogenated 
coconut oil used had an iodine value of 0.6. The Osborne and hlondcl 
salt mixture was used. Generally a fat-free base was mixed. The 
appropriate amount of sucrose or fat to give the three diets was then 
added to it. The nutritive ratios of these diets were so adjusted that 
they would he the same when equal caloric intakes were fed. One gram 
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of the low-fat diet was fed to supply the same mimbev of calories as 
0.899 gm. of the high-fat diets. Analyses showed that the ether-ex- 
tracted diet contained 18.2% of protein, 0.2%, fat and 76.5% carbo- 
hydrates, the corn oil diet 22.0% of protein, 10.2% of fat and 61.2% 
carbohydrates. 

The mother rats received supplements of the fat soluble vitamins 
dissolved in hydrogenated coconut oil. One drop of the supplements 
was given three times each week to supply 123 \ig. B-earotene, 969 ng. 
2 methyl 1-4 napthoquinone, 21 mg. tocopherol, and 708 U.S.P. units 
of vitamin D weekly. Vitamin K was included in this supplement in 
view of the report of Harris and Mosher ( ’40) that rats may develop 


TABLE 2 

The average groivih and composition of litters of rats on an ether extracted diet and with 
added corn oil, hydrogenated corn oil or coconut oil. 


DIET 

PERCENT 

TAT 

CADORtC 

INTAKE 

PROTEIN 

INTAKE 

CHANGE IN 
WEIGHT OP 
StOTJIERg 

GAIN OP 
DITTER 

CARCASS CONTENT OF 

Protein Fat * 




pm. 

pm. 

pm. 

pm. 

. pm. 

Ether extracted 

0.2 

1707 

83.0 

6 

121.9 

17.9 

16.0 

Corn oil 

5.5 

1752 

93.6 

4- 3 

152.1 

21.3 

24.8 

Corn oil 

11.3 

1762 

94.0 

_ 8 

161.2 

20.7 

29.0 

Corn oil 

19.2 

1692 

89.3 

— 17 

150.1 

20.7 

24.8 

Ether extracted 

0.2 

1854 

90.0 

-f 3 

131.7 

20.1 

17.6 

Corn oil 

19.2 

1847 

97.4 

— • 15 

164.8 

22.2 

23.7 

Hydrogenated 







i 

corn oil 

17.3 

1845 

98.0 

-25 

114.3 

17.7 

13.1 

Ether extracted 

0.2 

1546 

74.5 

— 11 

158.0 

24.1 

22.0 

Hydrogenated 








coconut oil 

18.5 

1536 

86.3 

— 8 

134.0 

20.9 

19.0 


‘ The di'ied carcasses were extracted with a mixture of anhydrous ethyl ether 50 parts and 
absolute ethyl alcohol 50 parts by volume. 


a vitamin K deficiency when maintained on a diet containing an 
abnormal dietaiy fat constituent (dihydroxy-stearic acid) as its major 
fatty component. Two drops of a rice bran concentrate ^ were ad- 
ministered daily as a source of B-complex vitamins. Ethyl linolate was 
fed by dropper in 125 mg. daily dosages. 

Mother rats were selected in quadruplets according to body weight, 
age and weight of litter, one for each dietary. In all, seven animals 
were fed equal caloric amounts of each diet and the weight change of 
mother and young recorded as formerly. The average nutrient intakes 
and weights of the four groups are shown in table 3. 


* Vitab. 
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table 3 


icexfthts nnd veipht gainx of mist stiuUcil. 


DIET 

TOTAL 

rnoTEijT 

INITIAL WEinjIT 

WEiallT 

WEinllT 

JKTAKE 

lIITAKi: 

Mothfr 

LHler 

or MOTiiEns 

or UTTER 


CnI. . 

ffin. 

0m. 

cm. 

cm. 

gm. 

Ether extracted 
Hydrogenated 

1253 

5D.8 

247 

3.'.G 

— 13 

110.6 

coconut oil 

1220 

63.2 

257 

35.0 

— 21 

107.9 

Corn oil 

Ether extracted plus 
125 mg. of ethyl 

1220 

63.8 

248 

33.2 

—9 

129.1 

linolate 

Least difference 

1241 

5SA 

260 

30.4 

-21 

112.1 

(odds of 1: 100) 
Significance of 





24 

19.0 

difference 




ns 

ns 

SS 


The initial -weights of the females and litters were quite similar. 
As an average, the mothers lost vreight while suckling their young but 
no correlation could be shown between -weight loss of the mothers and 
diets fed (or gain in weight of the litter). This differs from the obser- 
vation of Maynard and Easmussen (’42), They found that the mothers 
fed high fat diets lost more weight, or gained less, during lactation 
than those fed low-fat diets. 

The gain in weight of those litters on the corn oil diet was decidedly 
greater than those of the other three diets. 

It seemed important to measure the digestibility of the coconut oil 
since a low absorption would decrease the calories available and de- 
pre.ss lactation performance. Studies w'Cre, therefore, carried out to 
compare the absorption of corn oil and hydrogenated oil when they 
constituted 10.2% of the same diets used in the lactation experiments. 
The average percentage of apparent digestibility determined with 
seven adult female rats was 92.3 for hydrogenated coconut oil and 
94.5 for corn oil. It is clear that the differences in lactation response 
cannot be explained on the basis of absorption of the energy. 

Carcass analyses of the litters reared on the different diets were 
made to determine the exact nature of the extra gain in body weight 
of the young suckled by mothers fed com oil. The frozen carcasses were 
ground and dried in vacuo under CO- at 60° C. for 48 to 72 hours until 
constant weight -was obtained. 

For determination of the body fat a saponification method modified 
after that of Hurst ( ’33) was used. The ground, dried carcasses (about 
50 gm.) were placed in a tall 600 ml. beaker and an equal weight of 
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KOH, 200 ml. EtOH, and 100 ml. of water were added. Tliey were tlieii 
heated on a hot plate just below boiling for 11 to 2 hours, 50 ml. water 
were then added and the solution boiled for 30 minutes. The solution 
was filtered through glasswool to remove undissolved particles and 
w-ashed with hot HoO, making up to 300 ml. final volume. 

The fat was determined using the Eose-Gottlieb wet extraction pro- 
cedure. Fifteen ml. soap solution were acidified with 15 ml. 40% HCl 
and 15 ml. 95% EtOH added. Two extractions were made with 50 ml. 
portions of a mixture (1:1) of ethyl and petroleum ether. The fatty 
acids were dried under COo at 95° C. for 15 minutes and then weighed. 

The iodine values for the extracted body fats and milk fats were 
determined by the A.O.A.C. method. 

The results of the analyses for dry matter, fat, and iodine number 
are shown in table 4. 

TABLE 4 


Average cracass cortiposiiion of Hie litiers. 


DIET 

F/iKSH 

WEIGHT 

DRT 

MATTER 

FAT 

NOK'FAT 

DRY 

MATTER 

CODY FAT 
lODIKE 

KO. 


j?m. 

ffm. 



ffm. 

Ether e.xtracted 

130.5 

34.0 

8.5 

25.5 

61.7 

Coconut oil 

128.5 

33.4 

8.4 

25.5 

57.3 

Corn oil 

Ether extracted with 

147.5 

41.5 

13.4 

28.1 

80.4 

ethyl linolate 

Least difference 

132.8 

34.4 

8.5 

25.9 

64.9 

(odds of 1; 100) 
Significance of 


6.6 

3.0 

4.7 

8.4 

difference 


SS 

SS 

ns 

SS 


The corn oil group contained more total dry matter and total fat 
than any of the other three groups. However, the non-fat dry matter 
in the carcasses of all groups was about the same, only a barely sig- 
nificant difference (odds of 1: 20) in favor of the corn oil gToup existed. 
Practically all of the extra gain in weight of the corn oil group may 
be accounted for by increase in fat content of the carcasses. 

The body fat iodine numbers show some interesting variations. As 
expected, the group on unsaturated corn oil showed a very significant 
increase in iodine number. The average iodine number of the group 
supplemented with ethyl linolate was significantly higher than that of 
the grouo on hydrogenated coconut oil. The iodine number of the body 
fats of the group receiving ethyl linolate was higher than that of tbe 
rats receiving only the ether extracted diet but this difference was not 
significant. 
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Milk fat and total solids were obtained from the stomach of the 
young rats killed immediately after they had suckled for a standardized 
period. The data were so variable Ibat no relation could be shown 
between the diets fed and the amount of diy matter or fat secreted. 
The iodine numbers of the milk fats obtained on the respective diets 
were as follows; ether-extracted diet, 23.1; coconut oil diet, 2G.6; corn 
oil diet, 37.8; ether-extracted diet with ethyl linolate 38.3. 

The iodine numbers of the milk fat on the corn oil diet and on the 
extracted diet supplemented with 125 mg. of ethyl linolate per day 
were significantly higher than those on the other two diets (the least 
difference for odds of 1:20 was 11.7). The milk fat on the corn oil 
diet was always liquid and possessed a yellow-brown coloration while 
that on the extracted diet was rather clear and semi-solid or solid 
at room temperature. The litters from the corn oil diets had more 
oily skins and never developed a temporary scaliness which was some- 
times observed in the other litters. 

DISCUSSION 

The data presented show that suckling rats make more rapid growth 
when their mothers arc fed a purified diet containing corn oil than 
when fed a fat-free diet. This confirms the findings of Maynard and 
Hasmussen (’42). That all fats do not have equal values for lactation 
is shouTi by the fact that with the diet containing fully hydrogenated 
coconut oil the gi'owth response was no better than with the fat-free 
diet. In the earlier study crude coconut oil appeared to be about equal 
to corn oil. This difference in response suggests that certain un- 
saturated fatty acids stimulate lactation performance. It appears 
clear that the more rapid growth of the young which wore suckling 
mothers fed the corn oil diet is due either to the production of more 
milk or to an alteration in the quality of the milk in such a way that 
growth of the young is stimulated. 

Feeding 125 mg. of ethyl linolate to each lactating female daily did 
not improve the gi-owth of the young as compared with the ether ex- 
tracted diet. Thus, this essential fatty acid does not appear to be a 
limiting factor in the growth of the suckling rats in these studies. 
And, as pointed out by Burr and Baimes (’43) one would hardly expect 
it to do so because of the large storage of linoleic acid and the short 
experimental period employed. Also supporting the view that linoleic 
acid is not a limiting factor in this particular case is the fact that feed- 
ing ethyl linolate to the young did not improve the rate of gain. 
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Quaekenbush, Kummerow and Steenbock (’42) found that body fats 
of rats suffering from an essential fatty acid .deficiency bad higher 
iodine values than those which had received a supplement of ethyl 
linolate. In our study the iodine numbers of the body fats of young 
rats on the low-fat diet were lower than those on the corn oil diet further 
suggesting that a deficiency of linoleic acid was not a factor limiting 
growth on the low-fat diet. 

Forbes and Swift (’43) have shown that the addition of fat to a 
diet of protein and carbohydrates decreases the heat increment and 
thus increases the net energy value of the diet. Such an effect could 
explain the results observed on the corn oil and the fat-free diet but 
would offer no explanation of the poor response on hydrogenated 
coconut oil. It is evident that the kind of fat is an important factor. 

SUMMARY 

Studies ai'e reported in which the growth of standardized litters to 
17 days of age is used as a measure of lactation performance. In these 
studies rats suckled by mothers fed a diet containing corn oil made 
more rapid growth than rats whose mothers were fed a fat-free diet. 
Carcass analyses showed that the extra gain of the young consisted 
largely of fat. 

A diet containing hydrogenated coconut oil gave no better growth 
than the fat-free diet. No improvement in growth of the young was 
produced by feeding ethyl linolate to the mothers or directly to the 
young. Similarly, feeding the mothers 125 mg. of ethyl linolate each 
day did not improve the lactation response on the fat-free diet. 
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(First rctcircd for puliiitnlion Juno 12, 1941; tevised draft received May 12, 1944) 

In the literature on vitamin C dotenninations in humans there are 
comments on the inadequacy ot making a single, random determination 
of asoothio acid in the blood and on the importance of accurately con- 
trolling the time elapsing betiveen successive tests for the vitamin in 
consecutively drawn blood specimens. AVith the exception of the work 
of Eohmer et al. (’35) and Zilva (’37), none of the studies on guinea 
pigs considers these points. Reported normal levels of blood vitamin 

0 values range from approximately 0.0 mg. % to l.OS mg. %. 

It is the purpose of this paper to show that the vitamin C determina- 
tions on the blood plasma of guinea pigs arc of value only when the 
time elapsing between the intake of the vitamin and the withdrawal 
of the blood sample is considered; that the initial value is not a reliable 
index of the state of vitamin C nutrition of the animal; and that, unless 
the sampling error is known, a correct interpretation of the experimen- 
tal data cannot be made. 

EXPERIMENTAL 

Guinea pigs of both sexes, weighing approximately 250 to 450 gm., 
were fed for several days before being used, a diet consisting of ad 
libitum quantities of bay ; rolled oats each 100 gm. of which was mixed 
with 0.25 gm. of sodium chloride, 0.5 gm. ot dried brewer’s yeast > and 

1 ml. of TJ.S.P. XL cod liver oil; greens, except on Sunday,' consisting 
chiefly of cabbage, celery and carrots; and fresh water. 

Ascorbic acid injections were made intraperitoneally in amounts re- 
gardless of body weight, since the animals were all within the same 
weight range. 

Blood samples were obtained by lightly anesthetizing the animals 
with ether and withdrawing 0.5 to 1.0 ml. of blood by cardiac puncture. 
The survivors were used again after resting for a minimiim of 3 
days. 

* Pleischmann. 
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The determinations of reduced vitamin 0 were made by the micro 
method of Farmer and Aht ( ’3^*35), (’36). A calibrated 0.2 ml. bur- 
ette graduated in thousandths of a ml. and fitted mth a stopcock and 
a fine capillary was used. Titrations were made with the burette held 
in a vertical position. Transfers of liquid of 0.2 ml. or less were made 
with a 0.2 ml. pipette graduated in thousandths of a ml. Determinations 
were made in triplicate on each sample of plasma. The accuracy of this 
method was 5.4 (±3.9)%. 

In experiment I, plasma vitamin C determinations were made with- 
out exact time controls and at different times of day (table 1). 


TABLE I 

Sandom dcierminations of vUannn C in the hlood plasma of normal guinea pigs. 


KUMBER OT 

AmUALB IN 

EACH GROUP 

TIME or DETER- 
MINATION AFTER 

FEEDING GREENS 
(AD LIBITUM) 

PLASMA VITAMIN C 
MEAN ± 

STANDARD DEVUTION 



Bours 

i/ff. % 

Group I. 

(C) 

2-3 

0.53 ± 0.26 

Group II. 

(30) 

3-6 

0.3S ± 0,15 

Group III. 

(12) 

• 4-6 

0.72 ± 0.51 

Group IV. 

«3) 

15-17 

0.16 ± 0.06 

Group V. 

(20) 

19-20 

0.14 0.08 

Group VI. 

(32) 

42-44 

0.16 ± 0.11 

Total 

(106) 

(No greens 
on Sunday) 



Weighted mean for all animals 0.30 mg. % 

standard deviation ± 0.20 mg. % 

Standard error i: 0.02 mg. % 


Experiments II, III, and IV, described below, indicate the rapidity 
with which the reduced form of the vitamin disappears from the blood. 

Experiment II wms divided into four parts as follows : (a) Each of nine 
guinea pigs on the regular diet plus greens ad libitum was injected 
intraperitoneally with 2.5 mg. of ascorbic acid at 0, 24, 72, and 96 liours. 
Twenty-four hours after the last injection of ascorbic acid, blood sam- 
ples were obtained for analysis. On the day of vitamin C determination, 
no g’reens ivere fed. The mean value of reduced vitamin C in the plasma 
was 0.07 mg. % with a standard deviation of ± 0.15. 

(b) Each of fourteen animals was injected with 5.0 mg. of ascorbic 
acid at 0, 24, and 48 hours. Blood samples were taken 17 hours after 
the last injection. No greens were fed on the day of vitamin C deter- 
mination. The plasma values were 0.06 ± 0.06 mg. %. 

(c) Bach of six animals was administered 10.0 mg. of ascorbic acid, 
at which time all greens were removed. Pour hours after the injection, 
the vitamin C content of the plasma was 0.51 ± 0.46 mg. %. 
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(d) Six aiiinitiis ivcro fed iircons iit 9:45 a, m.; ho iiiioctioos woie 
given these animals. Two hours later, n blood sample was drawn, and 
all greens were removed from tlic cages. The value lor this .samjile 
was 0.32 ± 0.12 mg. To. Five hours after tlie witlidrnwal of the greens, 
the mean value was O.OS ±0.04 mg. %. 

In experiment III, each of ninefoen guinea pigs was injected with 
10.0 mg. of ascorbic acid. At the end of 1, 3, and 7 hours after the in- 
jection, each of the animals was bled, and the reduced vitamin C con- 
tent of the plasma determined. A similar experiment was condiicicd 
with eighteen animals for the time intervals of 1, 14, and 4 hoiir.s. Tlie 
results appear in figure 1. 



Fig. 1 Kate of disappearance of blood p)asni.a vitaiititt C in Ruinea pigs foIlouiiiR an 
intraperitoneal injection of 10.0 itig. of nscocbic acid. Numbers in pareutlieaca Te]*rcsent 
the number of animals on each detonuiuatiori. Numbers inilic.atcd by arrows are the standard 
deriatious for the rcspectire plotted ralncs on the eraph. 

In experiment IV, the olfeet of 20 liours of starvation was determined. 
Twelve guinea pigs rvorc used. The initial plasma vitamin C level was 
0.72 ± 0.51 mg. %. After starvation, the value was 0.12 ± 0.07 mg. %. 
On May 29th, the experiment was repeated with twenty guinea pigs. 
The initial value was 0.14 ± 0.08 mg. %. After the 20 hours of star- 
vation, the level had dropped to 0.01 ± 0.03 mg. %. For all thirty-two 
animals before starvation, the weighted mean value was 0.36 ± 0.24 
mg. %; after 30 hours of starvation, 0.05 ± 0.05 mg. %. This is a 
redaction of over 86%. 



92 LEONAED KABEE AKD C. W. CHAPMAjr 

DISCUSSION 

It is apparent that the reduced 'idtamin 0 content of the plasma of 
guinea pigs depends on the time elapsing between the consumption of 
vitamin C and the unthdrawal of the blood sample for the vitamin 
determination. In figure 1, for example, there is a significant difference 
of means between the values for i hour and 1 hour, between tbe values 
for 1 hour and 3 hours, and between those for 3 hours and 7 hours 
when “t” is greater than 2.00 (Fisher, ’34:). 

From tables 1 and 2, it is obvious that the individual variation in 
tbe vitamin C blood plasma levels of guinea pigs is large. 

TABIiE 2 


Significant difference of means for values given hi table I.' 



GROUP 


1 

0.53 MG. 

II 

0.38 MG. 

m 

0.72 MG. 

IV 

O.iCMQ. 

V 

0.14 MG. 

vx 

0.18 MG. 





% 

% 

% 

% 

Vo 

. % 

I 

0.53 

mg. 

% 

. . . 

1,15 

1.06 

3.48 

3.60 

S.S6 

II 

0.38 

mg. 

% 

us 

. » * 

2.00 

2.34 

2.72 

e.48 

III 

0.72 

mg. 

% 

1.06 

2.00 

• . » 

3.78 

3.94 

3.80 

IV 

0.16 

mg. 

% 

SJS 

2.34 

S.7S 

« * . 

0.63 

0.00 

V 

0.14 

mg. 

% 

3.60 

2.72 

3.94 

0.63 

. . 1 . 

0.76 

VI 

0.16 

mg. 

% 

3.36 

2.48 

3.80 

0.00 

0,76 

... 


^ Any figure in italics is considered to indicate a significant difference, since this figure gives 
a probability of not less than 1 in 20 that the difference would arise by chance. 


CONCLUSION 

It is concluded, therefore, that a single, random determination of the 
reduced ascorbic acid content of tbe plasma of guinea pigs is not in- 
dicative of the state of vitamin C nutrition of the animal. In the de- 
tei'mination of the state of vitamin 0 saturation or depletion of guinea 
pigs, the individual variation and the time elapsing between the last 
intake of the vitamin and the withdrawal of the blood sample from the 
animal should be considered. 
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The data pvosented Lore arc part of a larger study" on tlie influence 
of cliangcs in flic ascorbic acid and citrate content of the diet on the 
ascorhio acid, citric acid, calcium, phosphorus, and nitrogen metabolism 
of preschool children. Data on the minimum amount of ascorhio acid 
required to maintain tissue saturation in four preschool children have 
been published previously’ (Hathaway and ileycr, ’41). The present 
report is an extension of this earlier work on vitamin C metabolism 
using eight more children, and also furnishes data on the effect of 
supplements of ascorbic acid, potassium citrate, and orange juice on 
the excretion and apparent utilization of ascorbic acid.' The olTcet of 
these supplements on calcium, phosphorus, nitrogen and citric acid 
metabolism will be reported separately. 

EXPEniMENTAt 
Plan of the experiment 

Two groups of four children each lived at the college laboratory- 
apartment for 5 months. During a preliminary period of about a week 
they became adjusted to their new environment, and the amount of 
food each child could easily consume -was determined. Standardized 
amounts of the basal foods were consumed not only for each 7-day 
period, but also for the entire 20 weeks of the experiment. Supplements 
of crystalline ascorbic acid, potassium citrate, and orange juice wore 
given as indicated in table 1. The amount of potassium citrate used 
3.38 gm., corresponded to the amount of citric acid and its salts calcu- 
lated to be present in 200 ml. of orange juice, i.e., the amount of orange 
juice which is needed to supply 100 mg, of ascorbic acid. 

’ Now at Wayne Univeisity Medical College, Department of Surgery, Detroit, Mich 

'A detailed report of tins study is given in the dissertation submitted by Prieda L M 
m partial fuimiment of the requirementa for the degree of Doctor of Philosonhv 
Graduate School of Cornell DniTersity, October, 1943. ^ ^ 
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TABLE 1 


Average daily ascorbic acid intakes and “utilization'^ values by periods 
for eight vreschool children. 


PEHIOD 

1940-il 

INTAKE “UTIErZATlON’* 

pErvioo 

1941-42 

INTAKE “UTItiXZATIOK*’ 

Diet 

Supplement 

A 

B 

C 

D 

Diet 

Supplement 

E 

F 

G 

H 



inn* 

mg. 

vig. 

mg. 

mg. 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

1 

23 

100 

38 

34 

33 

39 

1 

14 

100 

35 

34 

24 

26 

2 

24 

100 

29 

32 

30 

31 

2 

15 

100 

38 

36 

32 

29 

3 

2o 

100 

30 

29 

30 

30 

■ 







4 

23 

. « . 

14 

14 

13 

15 

3 

25 = 

• , , 

18 

17 

17 

17 

S 

24 


18 

18 

19 

19 

4 

24 ^ 

. . . 

19 

18 

19 

18 

6 

24 


18 

17 

18 

19 


• • 



•• 

•• 

•• 

7 

22 

100 

38 

37 

34 

38 

5 

25 = 

100 

34 

31 

28 

•25 

8 

24 

100 

41 

38 

46 

40 

6 

25 = 

100 

32 

29 

28 

22 

9 

24 

100 

47 

36 

34 

37 






•• 


. 10 

24 

» ♦ • 

1.5 

16 

16 

18 

7 

25 = 


17 

17 

18 

16 

11 

22 


16 

17 

17 

18 

8 

25 = 

. . . 

19 

19 

ID 

18 

12 

24 


19 

20 

20 

20 

9 

25 = 

... 

20 

20 

20 

18 

13 

24 

100 

39 

36 

40 

44 

10 

26 = 

100 

37 

37 

36 

32 

14 

21 

100 

37 

35 

38 

40 

11 

26 = 

100 

35 

33 

34 

26 




•• 

•• 

•• 

•• 

12 

28 = 

100 

34 

29 

32 

25 

15 = 

22 

, . , 

16 

15 

16 

15 

13 = 

28 = 


21 

23 

22 

20 

16 = 

24 

. . . 

19 

18 

19 

19 

14 = 

27 = 

. , , 

22 

23 

23 

21 

17 = 

22 

... 

18 

17 

18 

19 

15 = 

26 = 


21 

22 

22 

20 

00 

23 

100 

41 

34 

41 

37 

16’ 

27 = 

100 

49 

44 

’38 

34 

19 = 

23 

100 

35 

33 

37 

39 

17 = 

27 = 

100 

38 

35 

31 

28 

20 = 

24 

100 

41 

39 

39 

40 

18 = 

26 = 

100 

41 

39 

36 

33 







.. 

19’ 

16 

110 

43 

41 

36 

34 






•• 

-• 

20’ 

17 

110 

48 

41 

38 

33 


' Includes 10 mg. crystalline ascorbic acid given daily to compensate for lower ascorbic acid 
value of basal foods. 

’ 3.38 gm. of potassium citrate given daily as the estimated citrate equivalent of' 200 ml. of 
orange juice. 

“ All ascorbic acid and citrate supplements given in the form of orange juice. ^ 

Subjects 

Eiglit healthy preschool children were the subjects for this study. 
Subjects A through D served in 1940-41, which will hereafter be re- 
ferred to as the first year, and E through H served in the second year, 
1941-42. Subjects A, C, F, G, and H were girls, aged 55, 49, 49, 40, 
and 38 months, respectively, at the beginning of the study. Their 
respective weights at that time were 50, 38, 40, 32, and 29 pounds. Sub- 
jects B, D, and E were boys, aged 51, 44, and *55 months, weighing 36, 35, 
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and 34 pounds, respectively. Physical examinations and mental testa 
at the beginning and end of the study showed that all eight of the 
children ■were within the normal range as judged by present standards 
of measurement. 

Diets 

Tlie basal foods were similar to those described by Hathawaj' and 
Meyer (’41), but minor alterations were made such as changes in the 
cereals and desserts." Li oi’der to test the effect of changes in the 
ascorbic acid and citrate content of the diet at different levels of calcium 
intake, the milk consumption was reduced from 800 ml. per day during 
the first year to 500 ml. the second year. To maintain relatively con- 
stant values of the other essential constituents of the diet, the amounts 
of moat and eggs wore increased, and peanut butter was added. The 
basal foods wore analyzed for ascorbic acid and the values wore com- 
parable for the 2 years except for the canned potatoes. The same brand 
contained 18 mg. per 100 gm. the first year, and only 4 mg. the second 
year. To compensate for this, and also for the lowered ascorbic acid 
in the milk due to lowered intake,” 10 mg. of crystalline ascorbic acid 
were added to the basal diet during the second year. 

The two younger children, G and H, were given somewhat less of the 
basal diet than the others, but this had little effect on their ascorbic 
acid intake. Milk and all supplements were given at the same level to 
all four children in each group. 

Ascorbic acid determhiafious 

Methods of urine collection and preservation and of ascorbic acid 
determination were essentially the same as those described previously 
(Hathaway and Meyer, ’41). The formula suggested by Kuether and 
Roe (’41) was used for the calculations during the second year, per- 
mitting simplification of the determinations of the “Gb” values. 

RESULTS AND DISCUSSION 

Reserves of ascorbic acid 

The response to the 100 mg. supplement of ascorbic acid following 
periods on the basal diet was used as the means of estimating the ex- 
tent of saturation of the tissues with this vitamin (see table 2). Bau- 

* See footnote, page 93. 

'Spedally prepiTcS by Prof. E. S. Qutbrie to preserpe the ascorbic acid content See 
Sharp, Hand and Guthrie C’39). ' 
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maim and Bappolt (’37) considered the excretion of at least 80% of 
a 100-mg. test dose within 24 honrs as indicative of tissue saturation. 
In this study 80% of the 100-mg. test dose was equivalent to 64% of 
the total ascorbic acid intake. None of the subjects of this study ex- 
creted more than 37 % of the intake on the first day. Subjects B, E, 6, 
and H excreted 60 to 73% in at least one test by the second day, but 
only H excreted over 64% in 48 hours in both tests. 


TABLE 2 

Percentage of ascorbic acid excreted by the eight preschool children 
on the 100-mg. supplement. 


SUBJECT? 

1940-41 

A B 

c 

I> 

SUBJECT 

1941-42 

E E 

0 

n 



% 

% 

% 

% 

! 


% 

% 

% 


On days for 





On days for 





adjustment ' 




adjustment ’ 



' 

Day 

Period 





Day 

Period 





1st 

7th 

14 

30 

20 

24 

let 

5th 

27 

34 

31 

37 


13th 

17 

22 

9 

15 


lOtl) 

10 

15 

19 

28 

Snd 

7th 

46 

60 

52 

55 

2nd 

5th 

55 

41 

55 

72 


13th 

52 

63 

38 

49 


10th 

64 

58 

69 

73 

3rd 

7th 

64 

66 

67- 

66 

3rd 

5th 

72 

70 

75 

m 


13th 

58 

67 

62 

67 


10th 

63 

67 

71 

70 

4th 

7th 

73 

72 

76 

76 

4th 

5th 

84 

73 

74 

77 


13th 

67 

70 

66 

69 


10th 

84 

71 

69 

74 , 

On days after 




On days after 




adjustment 

2 




adjustment 

S 




Mean 


70 

72 

71 

69 

Mean 


73 

75 

75 

79 

Bange 

(53-81) (64-79) (50-84) (55-82) 

Hange 

(62-84) (68-86) 

(67-83) (70-87) 


’ Days immediately following periods on the basal diet only. 

‘ All bnt the first two days on the 100 mg. ascorbic acid supplement. 


Since 125 mg, of ascorbic acid greatly exceeds the allowance recom- 
mended for children of this age range, the excretion value exhibited 
after adjustment to this intake may be used as a criterion for satura- 
tion. The excretion values for these eight children after such adjust- 
ment ranged from 50 to 87%. This adjustment required at least 2 days 
for any child if his lowest excretion value after adjustment is used 
as the criterion, and 3 to 4 days if his mean excretion value is used. 

Further evidence that the tissues were probably not saturated when 
the subjects were on the basal diet alone is given by comparison of 
the “utilization”^ values (table 1) with results from the previous 

* The term ‘ ‘ utilization ’ ’ is used arbitrarily to refer to the difference between intake and 
excretion. 
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study (Hatlla^vay and itcyev, ’41; table 4). In the earlier study it 
was sbo-OTi that the lowest intnfce which would maintain tissue satura- 
tion was 31 mg. and on this level of intake the “utilization” values 
averaged 22 mg. The intake on the basal diet in this study was only 
23 to 25 mg. and the “utilization” %'alnes averaged 18 mg. Since the 
highest average per cent “utilization” found in any of the twelve 
children was 80%, one should not expect 22 mg. to be utilized on a 
23- to 25-mg. intake. Consequently it may be concluded, using any of 
these criteria, that the tissues were not completely saturated. The 
23- to 25-mg. intake, however, was not far below the amount needed 
for tissue saturation. 

TABLE 3 

Iffans of oscorMc acid “uiilirolton” faluM am! rormpondini! iirinnn; pH mine). 


1940-41 


6CT5JECT 

"vmzzynw" 

OK 

tlASAti crcT 

pH 

"CTILIIATIOK*’ 

OK 

DAS.(C< OfCT 

Tutja 

roTASsitnc 

OITIUTe 

pH 

••CTtmATIOK 

OK 

lOO'MO. 

SUPPUMRST 

PK 

"Vm.TZATtOK" 

lOO'MO. 

BUrM.tMr,ST 

rvvi* 

rOTA*tlV« 

orrft-VTs 

pll 

K 

mg. 

17 * 2.0 

5.7 

mg. 

18 ± l.l 

C.8 

J»»P. 

37 ±8.0 

5.9 

mg, 

30 ± 7.3 

6.9 

B 

17 ±1.9 

6.0 

17 ±1.5 

6.$ 

35 ± 5.0 

5.0 

35 ± 0.0 

O.S 

C 

18 ±2.2 

U.7 

18 ± 1.7 

6.7 

35 ± 7.6 

5.7 

30 ± 8.8 

0.7 

D 

18 ± 1.0 

5.0 

IS ± 2.0 

6.7 

37 ± 7.6 

5.0 

30 ± 5.3 

n.i 


1911-42 


E 

10 ± 1.6 

3.S 

21 ± 1.2 

0.8 

31 ± 6.4 

5.7 

42 ± C.C 

O.S 

F 

18 ± 1.7 

5.0 

22 ± 1.3 

6.9 

32 ± C.7 

5.9 

39 ± 7.2 

6.8 

G 

18 ± 1.5 

0.7 

22 ± 1.3 

6.9 

32 ± 6.1 

5.6 

35 ± C.G 

6.9 

H 

17 ± 1.5 

5.6 

20 ± 1.1 

6.9 

20 ± 6.5 

5.5 

31 ±4.7 

6.9 


TJie effect of potassium citrate on the “ntiUzation” 
of ascorbic acid 

The mean “utilization” values with the standard deviations are 
given in table 3. On the basal diet alone the eight children had simi- 
lar “utilization” values. When potassium citrate was added, the 
individual responses of the chddren in the first group were significantly 
increased in only two cases, subject A on the basal diet, and subject 
C on the lOO-mg. ascorbic acid supplement. With the second group of 
children, however, the increased “utilization” of ascorbic acid with 
the addition of potassium citrate was highly significant in every case 
except G when she was on the 100-mg. ascorbic acid supplement. When 
the data for the first group were treated by analysis of variance there 
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was no significant difference in ‘ 'utilization ” between the periods with 
and without the potassium citrate supplement, hut with the data from 
the second group ihe odds were 99 :1 ag-ainst the chance occurrence of so 
great an increase in “utilization.” 

There is no apparent explanation for the difference in response 
between the two groups of children. Changes in urinary pH cannot 
account for the difference, since the iacrease in pH due to the ad- 
ministration of potassium citrate was of the same order in all the 
subjects (see table 3). 

It is possible that changes in the basal foods might account for the 
difference in response to citrates. Although the percentage of protein 
in the diet was the same for both groups, the sources of the protein were 
different. The decrease in milk and the increase in meat and eggs the 
second year resulted in the following changes (calculated values) in 
essential food factors of the basal diet : the calcium was reduced from 
1.1 to 0.8 gm., the riboflavin from 1.8 to 1.3 mg. and the acid : base ratio 
from 1; 1.8 to 1: 1.2. 

Purinton and Schuck (’43) have suggested that there may be a 
relationship betw'een ascorbic acid and citric acid metabolism. The 
urinary excretion of citric acid in children E, F, G, and H was de- 
termined by Metcalf ( ’43). Changes in citric acid excretion were asso- 
ciated with changes in urinary pH rather than with changes in ascorbic 
acid excretion. ' 

Prom the data on these two groups of children there is some indica- 
tion that addition of potassium citrate to the diet causes an increase 
in “utilization” of ascorbic acid. The individual differences in response 
in the first group of children were not mathematically significant in 
most cases, but w^hen potassium citrate was added to the diet the , 
“utilization” of ascorbic acid was equal to or greater than the “utiliza- 
tion” without citrate in all cases. There were apparently other factors 
than citrate administration or changes in urinary pH which affected 
the “utilization” of ascorbic acid. Changes in the high protein foods 
of the basal diet may have been a factor, but differences in metabolic 
reactions of the individual children seem more important. 

The effect of orange juice on the “utilization” . 
of ascorbic acid 

Average ascorbic acid “utilization” values for the two periods dur- 
ing the second year when orange juice was used as a supplement to the 
basal diet are included in table 1. Higher “utilization” was found for 
all four children. Mffien the data for the “utilization” values on the 
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crystalline nscortic acid supplement and the orange juice supplement 
were treated by analysis of variance the odds -were greater than 99 : 1 
against the chance occurrence of so great an increase in “utilization”. 
When the corresponding data on the ascorbic acid plus potassium 
citrate supplement ivere compared with those on the orange juice sup- 
plement, the odds were still greater than 19:1 tliat the ingestion of 
orange juice was associated ivith greater ^‘utilization” of ascorbic acid. 

The average pH values of the urine during the periods on the orange 
juice supplement for the four children ranged from 6.0 to 6.2. These 
values were higher than the corresponding values during the periods 
on crystalline ascorbic acid (5.5 to 5.9), but were lower than for the 
periods on potassium citrate (6.8 to 6.9), Thus changes in “utiliza- 
tion” values did not varj’ directly with the pH changes. 

Studies to compare the “utilization” of ascorbic acid in foods with 
the “utilization” of equivalent amounts of crystalline ascorbic acid 
are always complicated by the addition of other food factors than 
those to be tested. Jacobsen ( ’35), and Hawley et al. ( ’37) found better 
storage of ascorbic acid in the tissues when it was administered as a 
food than when it was given in the crystalline form. Todhunter, Eob- 
bins, Ivy, and Brewer (’40) and Todhunter and Fatzer (’40), on the 
other hand, concluded from both animal and human studies that the 
response to both forms of ascorbic acid was the same. 

Although there was a significant increase in the “utilization” of 
ascorbic acid in these four children when orange juice was the source 
of the vitamin, it should not be concluded that the ascorbic acid per 
se was better utilized until this observation is confirmed by further 
studies. In these same cliildrcn potassium citrate, also a constituent 
of orange juice, improved the “utilization”. It may have been an 
individual response to the potassium ion, to the citrate ion, to changes 
in acid-base balance, or to some unrecognized food factor which was 
responsible for the improved "utilization” on the orange juice supple- 
ment rather than a difference in the natural and crystalline ascorbic 
acid. Since the “utilization” values on the orange juice supplement 
were significantly higher than with potassium citrate added to crystal- 
line ascorbic acid, however, it seems probable that there was some other 
factor than potassium citrate which was at least partially responsible 
for the increased “utilization”. 

SUMMART 

The ascorbic acid metabolism has been studied in eight preschool 
children. The basal diet containing 23 to 25 mg. ascorbic acid was 
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supplemented witli 100 mg. ascorbic acid, 3.38 gm. potassium citrate, 
or equivalent amounts of orange juice as indicated. The results were 
as follows : 

1. A daily intake of 23 to 25 mg. of ascorbic acid was not sufficient 
to maintain tissue saturation in the eight children. 

2. On the addition of 3.38 gm. potassium citrate to the diet “utiliza- 
tion” of ascorbic acid was increased in five of the eight children at 
both levels of ascorbic acid intake (25 and 125 mg.), and in- two others 
at the higher level of ascorbic acid intake. 

3. On the substitution of orange juice for crystalline ascorbic acid 
and potassium citrate, the “utilization” of ascorbic acid was signifi- 
cantly increased ia the four children studied. 

4. The “utilization” of ascorbic acid was not directly related to the 
urinary pH. 
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The studies of Koliman and Eddy (’37), sponsored by the fTational 
Canners Association during the period 1924-1937, produced informa- 
tion on the nutritive value of canned foods as determined mainly by 
animal assay methods. Subsequently, further fractionation of the 
vitamin B complex into well established entities, together \vith the 
development of improved methods for their determination and more 
suitable methods for the determination of other vitamins, emphasized 
the need for further work. This need was further highlighted by the 
Mational Nutrition Conference for Defense in May, 1941. At that time 
available critical reviews (Daniel and Munsell, ’37) contained only 
limited information on the nutritive values of canned foods. It was 
obvious that the focus of attention on the nutritional problems of our 
Armed Forces and civilian population would create new demands for 
accurate and extensive information on all tj-pes of food products, 
canned foods included. 

In recognition of this important need, a nutrition progi-am sponsored 
jointly by the National Canners Association and the Can Manufacturers 
Institute was organized in early 1942. This program was administered 
by an Executive Committee, later assisted by an Industry Advisory 
Committee. A program of investigation requiring several years for 
completion was laid out. In broad aspect, this program included: 
complete information on the nutritive value of commercially canned 
foods; the elfects of preparation methods used in the home, restaurant, 
and Army kitchens; and the effects of time and temperature of stor- 
age on certain vitamins in canned foods. Further, projects -were out- 
lined in which the influence of specific canning operations on vitamins 
in raw foods were to be studied to determine where improvements in 
existing canning practices might possibly be made. 

The 1942 program included th& assay of 823 samples of commercially 
canned foods representing thirty-two products for the factors, ascorbic 
acid, carotene, riboflavin, niacin, thiamine, and pantothenic acid. Grants 
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were allocated to various universities where the vitamin assays were 
carried out under the guidance of authorities in nutritional studies. 
By correspondence and conference, the methods of assay for the factors 
were discussed and in all instances the chemical or microbiological 
methods which were considered to be most applicable were selected. 
The necessity for correlation studies in which the chemical and micro- 
biological methods could be correlated with officially accepted methods 
of animal assay was obvious. Arrangements were made to include such 
work in the first year’s program. Studies on the effects of home and 
large scale kitchen practices (Army and Navy) on the vitamin content 
of canned foods were initiated. Preliminary investigation was also out- 
lined on the effect of storage on the vitamin content of canned foods. 
Proximate and mineral analyses (calcium, phosphorus, and iron) of 
a representative number of the samples of each product were under- 
taken. Specifically, the 1942 program required the coordinated coopera- 
tion of the Universities of Wisconsin, Texas, Chicago, Arizona, Mary- 
land, and Pennsylvania State College. Portions of the program carried 
out by these institutions under grants*in-aid will be disclosed in subse- 
quent publications. 

. In consideration of the products which should be assayed during the 
first year of this program, it was decided that, as a general principle, 
only non-formulated canned products of nutritional significance, which 
were produced and consumed in relatively large quantities, should be 
included. Thirty-two products were selected for the first year’s study, 
including one formulated product, baked beans, because of the Army’s 
interest in it. Samples of these products were taken mainly from the 
1942 packs, and, in a few instances, from the spring packs of 1943. 
The sampling program was organized so that samples of the products 
in retail size cans (mainly no. 2 and no. 21 sizes) and of some products 
in no. 10 cans would be taken from all of the principal canning areas 
for each specific product. Two or three sampling periods, mid-early 
and mid-late, or early, middle, and late season samplings,^ respectively, 
were planned when seasonal variations in the products might be ex- 
pected. 

The samples were, in most instances, taken from canneries by repre- 
sentatives of the industiy designated to collect the samples. Every 
attempt was made to obtain “run of the mill” samples, in order to pro- 
vide as good indications as possible of the nutritive value of the major 
products canned in the United States. It was felt that maximnin and 
rumimuTu vitamin values obtained on a large number of samples of 
the same product would serve to fix more closely the ranges of vitamin 
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content for the specific products as well ns increase the reliahility of 
the figures for average vitamin contents. In table 1 are shown hoth 
the products selected and the scope of sampling. 

One sampling at a plant for one period of the season consisted of 
thirty-six retail size cans or six to twelve no. 10 cans. Where samplings 
of IG-ounce cans were taken, eighteen cans comprised a sampling. A 
sampling represented a day’s pack of a product in one can size, and, in 
most instances, consisted of an equal number of cans from the early, 
middle, and late portion of a day’s pack. A complete history of the 
samples was obtained at the time of sampling, which included all of 
the information possible about the canned product, raw product used, 
and the canning procedure employed. It was believed that an analysis 
of the vitamin and historical data on the samples would reveal some 
trends in the results which might be of value in future studies of 
vitamin retention. 

The samples were sent to a central sample receiving and distribution 
point, where they were coded for proper identification, inspected, and 
divided for shipment to the various laboratories. Two retail size cans 
or one no. 10 can from each sampling were checked for vacuum and 
headspace. Net weight, drained weight, pH and general quality charac- 
teristics of the products were determined. Six retail size cans or one 
no. 10 can from each sampling were sent to each university conducting 
the vitamin assays. Some of the samples of certain products in retail and 
no. 10 can sizes were used for study of the distribution of water soluble 
nutrients between the solid and liquid portions of the can contents, and 
for studies on the effect of preparation for serving on the vitamin 
content. The remaining samples were held in storage as duplicate 
samples, some being used lor the proximate and mineral analyses. 

The six retail size cans of each sampling received by each collaborator 
were combined into one composite sample and representative portions 
taken for the assay of two vitamin factors. Thus each annlyteis of a sam- 
pling of the retail size cans included a sufficient number of cans and 
•quantity of product to give a good indication of the vitamin values bn a 
day’s pack at a given plant. When more than one sampling of no. 10 
cans of a product were taken at one plant during the season, two or 
three no. 10 cans, one from each sampling, were combined into one 
composite sample. 

The vitamin values obtained by the collaborators on the canned 
samples are reported in the accompanying papers. The reports on the 
other work undertaken in this program will appear in subsequent pub- 
lications. 



104 


L. E. GLEPCOKIir 


. o . C5 03 « 03 


‘ O • 03 03 *03 


•m o 

an 


« oi eo 1-* <D 

• OJ C3 


. S CO 
O r-i 

55 '5. 


•O -03 03 ‘(Mco •C£>»00><?503 00 ‘COCOWIO -O 


rH C 03 -t CO 'I** 0> 


r-l O 03 CO O 


•C3-rt< rHCO '»L0C0C0 

' CO ei 


•OC0^C0OC3O03 


iH CO t- CO 03 03 CO 


i-H CO t'- CO 03 03 CO 


♦ C5 CO CO 03 0> OO 0> CO -03 03 00 


•COrHcoO3-4*COO0O0O3CO 


• U3 . CO UO CO CO oi 


CO 03ffO-^Clt^LO'^OOOOCOC5r-4»n CDOqOOOOOmJOOCOlOC-iOOO 
CjrH WC3C3rH r-*rHC3 iH r-(C3C0 


^ m CD ^ 

^ S p cj cl 
w tflfcJD 

o c: « P ^ 

’S fl c£« g §■ 

j:i* TO » ^ o 

<<< « 


o o 

5-s g s 
^ ^ -g M 
^ 00 


ns CD > 2 S ^ 2 

L2'^222tno 
rt^cici<ijju,S*-.c3cJ5 

o c;>c>a>c30os-»*^i52 
CQ P3C3C£)UUOc6C5S 


•g « g £ ■ 

»«-3 ^ S 
BO tn 

p o »a^ _ 
oT 

S w o 
cj ci rt c? 
O O ^ 

OCuO-OHf 


^ 'S « 

j ro - 

3 ^ ^ ^ H* 

3 <J '£4 P* « ^ 
■* G 4 Pi ^ P* 
^ « 2 2 

*• CD C3 O S C 

c: « c P ^ 

o .S .53 »- 'B 


§ 2 » 

rw S CC cC 

o5 '=‘Ch 

oT CD ^ ^ ^ 

c a e-g-c 

S .9 .§ s 

u U t- >-•' 
rt rt ^ -23 ? 
02 02 02 03 QC 


Totill -303 92 lOl 3X 31 »G 



MtmUTrVE VAliUE OP CANNED FOODS 


105 


ACKNOWLEDGMENT 

Appreciation is expressed to Drs. C. 0. Ball, E. J. Cameron, E. D. 
Clark, J. B. Esty and E. AV, Pilcher of the Execntive Committee of 
the National Canners Association-Can Manufacturers Institute Nu- 
trition Program for suggestions received during preparation of this 
paper. 


LITERATURE CITED 

E. B.. H. E. 19X7 ‘Vitamin content of iooA«. U. S. Department of 

Agnenituro Misc. Pub. no. 275. 

KoHiiAU, E. P. 1937 Vitamins in canned foods. National Canners Association Bull, 39-L, 
4lh reviMon, 



108 


ANNE PBESSIiBY AND OTHEES 


cans in tlie same group were tlien obtained by blending the total can 
contents in the Waring Blendor from 15 seconds to 2 minutes, the time 
depending upon the character of the material. Suitable aliquots of 
the comminuted material were weighed immediately and prepared for 
analysis. 

Analytical methods 

The vitamin assay methods selected for use in this study are among 
those recommended by the Committee on Vitamin Assay Methods of 
the National Cooperative Experiment Station Project on Conservation 
of the Nutritive Values of Poods. 

Vitamin C. The ascorbic acid content of all the canned foods was de- 
termined following the chemical method of Bessey ( ’38) and modified 
by Morrell ( ’41) briefly described as follows : Twenty-five gram samples, 
of the comminuted solids and liquids or 25 ml. of the canned juices (to- 
mato, grapefruit, orange, and pineapple) were placed in 100 ml. volu- 
metric flasks and brought up to volume mth 3% metaphosphoric acid 
solution. In general, the contents of the flasks were thoroughly shaken 
and then filtered through dry, fluted Whatman no. 12 filter paper. Only 
in the case of corn which, because of the toughness of its huU, was 
found more difiScult to homogenize, did better extraction of the ascorbic 
acid result from the use of the Waring Blendor. Separation of the 
solid material of corn was also better accomplished by centrifuging. 

Aliquots of the almost clear filtrate containing from 100 to 200 (jg. 
of ascorbic acid were transferred to 50-ml. volumetric flasks and their 
pH adjusted to approximately 3.6 with a sodium citrate buffer. This 
mixture was then brought up to volume and to a final pH of 3.6 
± 0.1 with a sodium hydroxide, citric acid, and metaphosphoric acid 
buffer solution. Suitable size of the aliquots selected for the dif- 
ferent canned foods was found to range from 1 to 2 ml. for the citrus 
fruits ; 3 to 5 ml. for asparagus, spinach, and tomatoes ; 5 ml. for peas, 
pineapple juice, and lima beans ; and 10 to 15 ml. for peaches, pears, and 
most of the other canned foods of low vitamin C value. The bleaching 
effect of 5 ml. of this solution on 5 ml. of a solution of the dye 2, 6- 
dichlorobenzenoneindophenol (20 mg. per liter of water) was then 
measured, following in detail the Morel! (’41) method using the Evelyn 
Photoelectric Colorimeter with the green filter no. 520. Correction 
was made for interference caused by the turbidity and the color of 
the unknown test solutions in the usual manner. In the case of beets 
and prunes, the size of the aliquot used was necessarily limited to 5 ml. 
in spite of their low ascoi'bic acid content because of the excessive in- 



^■UTII1T1^'E VALUE OF CAXXEI) FOODS 


109 


terference caused by tlie deepness of tbeir color. Only in Ibc ease of 
asparagus was there observed a rapid rate of fading and tlioreforo 
a high rate of drift in the galvanometer readings after the addition 
of the dye solution. ‘When correction was made for this by subtraction 
of the difference between the 15-sccond and the 30-second readings ns 
proposed by Bessey (’38), duplicate samples checked within limits of 
the accuracy of the method. 

The colorimeter readings were interpreted from cnlibralion curves, 
made from standard solutions of pure ascorbic acid. 

Vitamin A. The vitamin A value of all the canned fruits and vege- 


tables was measured by their pro-vitamin A or carotciio content fol- 
lowing the chemical assay procedure of >Ioorc ( ’40) and modified by 
Moore and Ely (’41). Briefly described, the carotene in comminuted 
solid and liquid samples was extracted in a mixture of approximately 
57% of 95% ethyl alcohol and 43%) of a pctroleiiin other solution ■’ by 
blending for 5 minutes in a "Waring Blciidor. The two liquids in the 
mixture were then completely separated in a separatory funnel by the 
addition, if necessary, of enough water to make the alcohol concentra- 
tion about 80% by volume. Tlio alcoholic phase was then draini off and 
the residue washed three or more times with 30-ml. portions of Skelly- 
solve B. The combined extract was subsequently washed six times with 
tap water in order to remove all of the alcohol and then made up or 
reduced to convenient volume as indicated by depth of the color. Pig- 
ments other than carotene were removed by passing the carotene ex- 
tracts through tubes containing dicalcium phosphate as the absorbent 
material. The filtrate was then concentrated if necessary in a hot 
water bath (70° C.) under reduced pressure and made up to a suit- 
able volume. The carotene content was then measured using the Evelyn 
Photoelectric Colorimeter with filter no. 440. Readings were inter- 
preted from a previously prepared calibration curve based on standard 
solutions of pure beta-carotene dissolved in Skellysolvc B. A standard 
solution of potassium dichromato was used periodically to check the 
calibration of the colorimeter. 

In this study the size of the sample selected for analysis which was 
found to be most convenient for several reasons was as follows : 10 gm. 
of foods of high carotene content, carrots, apricots, and spinach; 30 
to -35 gm. of foods very low in carotene content, such as baked beans 
beets, pineapple, grapefruit, orange juice, pears, and lima beans etc.’ 
and 15 to 25 gm. of all the other fruits and vegetables, all being weighed 


■ Skollysolve B, Skelly Oil Company, Chicago, nUBois. 
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to' 0.01 gm. "V^Tien even large samples of the foods very low in carotene 
content were extracted it was found necessary to evaporate the extracted 
solutions almost to dryness. The entire extract was then passed through 
the dicalcium phosphate column by suction in 4 to 5 minutes, washed 
with Skellysolve B and brought up to 10- to 25-ml. volumes, in order 
to have colorimeter readings fall rvithin the most sensitive portion of 
the calibration curve. However, the samples of most of the foods taken 
were large enough to yield extracts sufficiently rich in carotene to make 
it unnecessary to reduce the volume by evaporation to such a great ex- 
tent. Instead, suitable aliquots of the extract rather than the entire 
amount could he passed through the diealcium phosphate column. Thus, 
a saving not only of time but of solvent was effected. It was not neces- 
sary to reduce the volumes of the carotene extract of apricots, carrots, 
or spinach but instead they were increased to a volume of 200 to 250 
ml. and 10-ml. aliquots taken for analysis. Volumes of the extracts 
of most of the other foods were reduced to 50 or 100 ml. from which 
20- to 25-ml. aliquots were taken to pass through the absorbent. 

In most cases Baker’s Analyzed C. P. dicalcium phosphate was found 
to be a suitable absorbent of the pigments other than carotene and to 
permit a 98 to 100% recovery of pure beta-carotene. It was found nec- 
essary to control the speed of passage of the extracted material by 
the addition of Dyno in some cases but not in others and to vary the 
height of the column. For example, the dicalcium phosphate column 
had to be longer than usual for the complete removal of interfering 
pigments from corn and peaches and to prevent , them from being 
washed into the filtrate. Care was taken to pack the tubes evenly to pre- 
vent channeling. The greatest difficulty of all was encountered in the 
case of tomatoes because of the incomplete absorption of lycopene when 
Baker’s material was used as the absorbent. The most satisfactory ab- 
sorption of lycopene was obtained when lots of dicalcium irhosphate 
prepared in this laboratory following the method of Moore ( ’42) were 
used. The reason for this is not understood. Only certain batches 
of this laboratory prepared material were found to be satisfaeton". 
It was noted that the absorbing ability or activity of the product varied 
with the yield. For example, small yields of a very fine material held 
back all of the lycopene but also did not permit the passage of the 
carotene. On the other hand, certain large yields of a very coarse gran- 
ular material xvhich permitted the passage of carotene also allowed most 
of the lycopene to pass through. It was also noted that activated di- 

* Corn Products Eofining Comp.sny, 17 Battery Place, New York. 
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calcium phosphate frequcutly hccamo inactive after a period of time in 
storage. 

The vitamin A in canned fish has been determined following in gen- 
eral the Garr-Prioe method (’26) as modified by Dann and Evehm 
( ’38) for use with the Eveljm Photoelectric Colorimeter. Cans of tuna 
fish, sardines which were packed in oil, and wet pack shrimp were 
drained and only the solids were used for analysis as directed. Assays 
of salmon, mackerel, and dry pack shrimp were made on combined 
can contents. Analyses were made of 20- to 25-gm. portions of the 
fish paste weighed into Erlenmeycr flasks. Five milliliters of a satu- 
rated solution of potassium hydroxide and 20 ml. of methyl alcohol 
were added for every 10 gm. of fish, and the samples were refluxed 
for 10 minutes on a water hath and cooled under tap water. The mix- 
ture was then transferred to a separatory funnel and the vitamin A 
extracted by shaking it three times with 50-ml. portions of ethyl ether. 
The ether fractions were combined and washed with tap water seven to 
eight times until the wash water was neutral to litmus paper. The 
extract was then dried by passing through anhydrous sodium sulfate 
in a sintered glass funnel and evaporated to dryness under reduced 
pressure. Traces of moisture were expelled by placing the flask in 
the oven at 100° C. for 30 seconds. The unsaponifiable residue was 
then transferred and brought up to 10-ml. volume with dry chloroform. 
In measuring the vitamin A content of the test solution, 1 ml. was 
placed in the Evelyn colorimeter tube using filter no. G20 and antimony 
trichloride as the blank, and 9 ml. of antimony trichloride reagent (25 
gm. antimony trichloride in 100 ml. chloroform) quickh' added. Head- 
ings were made as the galvanometer pointer rested briefly before the 
color began to fade and the needle began to drift. The readings were 
interpreted by means of a calibration curve made with standard so- 
lutions of pure crystalline vitamin A alcohol ° dissolved in chloroform. 

Duplicate determinations were made on all samples of canned fruits 
and vegetables until the reliability of the method for each food was 
believed to be established. Great difficulties were encountered in the 
analyses of fish and the lack of close agreement between duplicates 
makes the values reported for fish more open to question. 

RESULTS 

The vitamin assay data summarized as to range and average for each 
of the different types of fruits and vegetables are presented in table 1. 

‘Distillation Products, Inc., Bochester, Kew Tort. 
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TABLE I 

Ascorlic acid and carotene content of commercially canned fruits and vegetables. 

I ABCOSBIC ACtO OAKOTBKE 

( 

j- — - - „ ^ _ 

j In 300 prm. combiiied 

yoODS Bnmber of j solids and liquids Number of 

composite . composite 

samples I . samples 

analyzed Ranse | Averaee analyzed 
mn. i niK. j 


Apricots, unpeeled halves 

21 

1.1- 5.7 

3.9 

21 

0.93-1.74 

1.28 

Asparagus, all green 

30 

5.4-25.3 

15.2 

30 

0.22-0.50 

0.31 

Culturally bleached “ 

13 

11.6-18.1 

14.9 

12 

• Trac6-0.06 

0.03 

Beans, baked 







New England style 

3 

1.9- 4.3 

2.9 

3 

Traee-0.05 

0.02 

“With tomato sauce 

2 

1.8- 3.5 

2.7 

2 

0.04-0.06 

0.05 

Beans, green cut 

73 

0.6- 7.3 

3.2 

73 

0.08-0.34 

0.18 

Beans, lima, green 

26 

2.5-12.1 

7.0 

26 

0.03-0.18 

0.07 

Beets 

27 

Trace-4.0 

2.0 

27 

Trace-0.05 

0.006 

Carrots 

19 

1.0- 4.6 

2.0 

19 

4.47-9.44 

7.16 

Corn, white, whole kernel 

45 

2.0- 6.5 

4.4 

28 

Trace-0.11 

0.03" 

Tellow, vrhole kernel 

61 

1.3- 8.0 

4.2 

61 

0.04-0.16 

0.09 

Grapefruit juice 

43 

26.3-44.7 

33.8 

18 

Trac6-0.02 

0.007 

Grapefruit segments* 

22 

20.3-32.3 

24.6 

3 

Trace-0.02 

0.009 

Orange juice 

14 

33.0-52.4 

39.4 

14 

0.01-0.12 

0.08 

Beaches, halves, clingstone 

17 

2.0- 5.7 

3.9 

17 

0.19-0.51 

0.26 

Ereestone 

13 

1.4r- 3.7 

2.3 

13 

0.00-0.28 

0.16 

Bears, halves 

30 

Trace-2.5 

1.5 

4 

Trace-0.002 


Beas, sweet, 







wrinkled varieties 

91 

3.1-13.8 

8.8 

92 

0.15-0.51 

0.26 

• Alaska 

7 

7.4-13.7 

10.0 

7 

0.21-0.31 

0.23 

Bineapple juice 

18 

3.2-14.2 

8.5 

18 

0.01-0.04 

0.03 

Bineapple, sliced 

17 

0.8- 0.7 

5.1 

17 • 

0.01-0.04 

0.03 

Brunes, Italian ’ 

10 

Trace-3.0 

1.1 

10 

0.44-0.89 

0.63 

Spinach 

31 

3.4-25.9 

11.4 

31 

1.68-4.81 

3.16 

Tomatoes * 

61 

9.5-27.1 

16.5 

61 

0.35-0.96 

0.58 

Tomato juice 

79 

2.5-25.2 

12.9 

79 

0.16-0.96 

0.51 


* Culturally bleached asparagus is asparagus so cultivated that the development of chlorophyll 
is irAibited. The color of canned culturaly bleached asparagus may be practically white, yellow- 
white, or the heads may be yellow-green, green, or purple. 

“Two cans of “pink” grapefruit omitted because the values were not within the norma! 
range for carotene. 

Edible portion, skins and pulp, analyzed. 

* Seeds included. 

Vitamin A is expressed in terms of milligrams of carotene per 100 
gm. of combined solids and liquids, or 100 ml. of the canned juices.^ 

Vitamin C is expressed in terms of milligrams of ascorbic acid m 
100 gm. of combined solids and liquids, or 100 ml. of tlie canned juices. 

Table 2 presents tbe results of tbe vitamin assay of canned fisb, ex- 
pressed in terms of milligrams of pure vitamin A alcohol per 100 giu- 


Is 100 combined 
goUds asd liquids 


Kance 

At erase 

me. j 

me. 
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TADLE 2 



rilamin A content 0 / canned f.sh. 


rOOD3 

1 

' or 1 

COMrOSITR I 

' SAifCLZS 1 

1 Jk'SM.VlM * 

, viTAUtK 

1 uo. rnniooau. 

[ ^ 

1 Itnnre 1 


Mackerel ^ 

8 

0,013-0.034 

0.020 

Salmon, red species 

3 

0.07&-0.102 

0,037 

Pink species 

0 

0.015-0.023 

0.019 

Sardines, in oil 

6 

0-021-0.123 

O.OC9 

In tomato sauce ‘ 

10 


0,017 

Shrimp, dry pack 

3 

0.014-0.023 

Vs cl pack 

5 

0.015-0.022 

0.018 

Tuna* 

G 

0.005-0.010 

0.008 


* Oil drained off. 

* Assays of sardines in tomato sauce not included in report because of unreliability of metliod 
of analysis due to interfering pigments. 


It may bo seen in table 1 that on the basis of their nverngD ascorbic 
acid content, different kinds of canned fruits and vegetables may bo 
grouped as follou’S: 

Canned orange and grapefruit' juices, ns expected, are the best 
sources of vitamin C of the canned foods studied. The average ascorbic 
acid content •was found to bo 39.4 mg. per 100 ml. for orange juice 
and 33.8 mg. per 100 ml. for grapefruit juice. It was found that canned 
grapefruit segments in sirup were lower in ascorl)ic acid value, showing 
an average of 24.6 mg. per 100 gm. 

' Tomatoes, all green asparagus, culturally blenched asparagus, to- 
mato juice, and spinach were found to lie in the range of 16.5 to 11.4 
mg. per 100 gm. or ml. 

The average ascorbic acid content of peas (including Alaska’s), pine- 
apple juice, and lima beans fell within the range of 8.9 to 7.0 mg. per 
100 gm. or 100 ml. of the canned contents. The ascorbic acid content 
of canned sliced pineapple in sirup was relatively lower than pine- 
apple juice alone, for it was found to yield 5.1 mg. per 100 gm. 

White corn, yellow corn, clingstone peaches, apricots, green beans, 
baked beans, freestone peaches, beets, carrots, pears, and prunes are 
the poorest sources of vitamin C, yielding in the order named on the 
average from 4.4 to 1.1 mg. of ascorbic acid per 100 gm. combined 
solids and liquids. 

On the other hand, when considered from the standpoint of their 
vitamin A value, the same commercially canned goods fell into the fol- 
lowing groups : 
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Tile best sources of carotene among tbe canned foods which were 
tested were carrots, spinach, and apricots. The average carotene con- 
tent of the combined solid and liquid of these foods was found to be 
7.16, 3.16, and 1.28 mg. per 100 gm., respectively. 

Prunes (pulp and skins), tomatoes, tomato juice, all green aspara- 
gus, peas, and clingstone peaches were found to be lower in carotene 
and to range on the average from 0.63 to 0.26 mg. per 100 gm. or ml' 
Green beans, freestone peaches, yelloiv corn, orange juice, and hma 
beans were found to range from 0.18 to 0.07 mg. per 100 gm. Canned 
red salmon and sardines (table 2) are the only canned fish that showed 
vitamin A values approximately of this order. 

Culturally bleached asparagus, pineapple juice, sliced pineapple, 
baked beans, and white corn showed a range in average carotene con- 
tent of 0.03 to 0.02 mg. per 100 gm. or 100 ml. 

Grapefruit segments, grapefruit juice, beets, and pears are very 
poor sources of pro-vitamin A, ranging from 0.009 mg., to a trace per 
100 gm. of combined solids and liquids. 

Unfortunately, it is common practice for the liquid present in cer- 
tain types of canned vegetables to be discarded when served. For- 
tunately, however, from the standpoint of vitamin A value, carotene 
is not highly water soluble and therefore is retained to a large extent 
in the food solids. In table 3, therefore, the carotene content of the 
canned foods, which in table 1 have been shown to be the best sources 
of this vitamin, has been expressed on the solid basis. This has been 


TABLE 3 

Carotene content of solid portions of certain canned foods} 


FOODS 

KUMBFR OF 
COStPOSlTE 
SAMPLES 
ANALYZED 

j 

APPROXIMATE 

PERCENT 

OF SOLIDS 

IN CAN 2 

ESTIMATED CAROTENE CONTENT 

OF 100 GM. OF SOLIDS 

Ranue 

mg:. 

mm 

Apricots, unpeeled, halves 

21 

60 

1.56- 2.90 

2.13 

Asparagus, all green 

30 

64 

0.34- 0.78 

0.48 

Beans, green, cut 

73 

62 

0.13- 0.55 

0.30 

Beans, lima, green 

26 

67 

0.05- 0.26 

0.11 

Carrots 

19 

68 

6.57-13.88 

10.54 

Corn, 3'ellow, whole kernel 

61 

66 

0.05- 0.25 

0.14 

Peaches, halves, clingstone 

17 

66 

0.29- 0.78 

0.39 

Peaches, halves. Freestone 

13 

65 

0.13- 0.43 

0.24 

Peas, sweet, wrinkled varieties 

91 

65 

0.24- 0.78 

0.40 " 

Prunes, Italian 

10 

■ 51 

0.86- 1.75 

1.23 

Spinach 

31 

69 

2.44- 6.97 

4.58 


’ Based on the assumption that all carotene is in the solid portion. 

* Calculated from average weights of solids and liquids in each individual can contents. 
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estimated on tlie assumption that all of the carotene is present in the 
solid and none in the liquid portion. Canned peaches, apricots, and 
prunes, fruits which are good sources of carotene, have also been in- 
cluded in this table, although it is customary to serve canned fruits 
with their sirup. 

DISCUSSIOS 

The number of composited samples which were assayed for aseorbic 
acid and carotene ranged for fruit from the minimum of 10 samples of 
prunes to 65 of grapefruit segments and juice and for vegetables from 
the minimum of 26 samples of lima beans to 140 samples of tomatoes 
and tomato juice. It may be noted that the range in ascorbic acid and 
carotene content of many of these foods is very wide. This difference, 
of course, is of practical importance only when the food is a good 
source of the vitamin in question. 

Obviously differences in the vitamin values of different samples 
of any of these canned foods should bo expected for the many sam- 
ples of each kind of food analyzed include different varieties, foods 
grown under different soil and climatic conditions, in different parts 
of the countrj', selected from early, middle, or late parts of the season’s 
pack, processed by different canners, and packed in cans of different 
sizes with some differences in the ratio of solid to liquid can contents. 

It may be noted, for example, that canned clingstone peaches were ' 
found to be somewhat better sources of both ascorbic acid and caro- 
tene than freestones. Canned red salmon proved to be substantially 
richer in vitamin A than pink salmon, and again, conned yellow corn- 
was found to be far richer in carotene than white corn, although there 
was no significant difference in their ascorbic acid content. As expected, 
culturally bleached asparagus was very much lower in carotene con- 
tent than the same variety of asparagus so cultivated that the develop- 
ment of chlorophyll was not inhibited (all green). Again, however, 
there was no significant difference in their ascorbic acid content. The 
wide range of the average carotene values of canned culturally bleached 
asparagus (although relatively insignificant because it is a poor source 
of carotene) appeared to be associated with the variation in the chloro- 
phyll content as indicated by some cans containing green-tipped heads, 
as contrasted with others in which the color of the asparagus heads 
was practically white or yellow-white. 

Samples of both grapefruit segments and pineapple slices were 
found lower in ascorbic acid value than the canned juices of these 
fruits. This is to be expected because of the dilution resulting from 
the addition of sirup to the fruit packs. On the other hand, the sam- 
ples of canned tomato juice appeared to be somewhat lower in ascorbic 
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acid content than the canned tomatoes. Since no diluting medium 
such as sirup is added in the canning of tomatoes, these differences may 
perhaps be associated with differences in the canning procedure. 

The wide range in both the ascorbic acid and carotene values; re- 
ported in table 1 for some of the canned foods such as tomatoes and 
tomato juice, orange juice, spinach, carrots, etc., may perhaps be as- 
sociated with differences in variety and section of the country in which 
they were grown and processed. 

SUMMARY 

Certain commercially canned foods have been assayed for their as- 
corbic acid and carotene or vitamin A values following recommended 
chemical methods. 

The ascorbic acid and carotene contents of 21 composite samples of 
canned aj^ricots, 30 all green asparagus, 12 culturally bleached aspara- 
gnis, 73 green beans, 26 lima beans, 5 baked beans, 27 beets, 19 carrots, 
61 yellow corn, 14 orange juice, 17 clingstone peaches, 13 freestone 
peaches, 98 peas, 17 sliced pineapple, 18 pineapple juice, 10 prunes, 
31 spinach, 61 tomatoes, and 79 tomato juice have been, determined. 
The ascorbic acid content of 45 samples of white corn, 22 grapefruit 
segments, 43 grapefruit juice, and 30 pears, and the carotene content 
of 28 samples of white corn, 3 grapefruit segments, 18 grapefruit juice, 
and 4 pears have also been determined. 

Eight composite samples of mackerel, 5 salmon, 15 sardines, 8 
shrimp, and 6 tuna have been analyzed for vitamin A. 

The analytical data for each food have been presented in tabular 
form as range and average values. 
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In an effort to enlarge upon present Imowlcdge of the nutritional 
value of canned foods the National Canners Association-Can Manu- 
facturers Institute has collected a large number of canned food samples 
and has distributed these to university laboratories for assay. It is 
the purpose of this paper to report the results of thiamine and niacin 
assays on these samples. 


EXPERIMENTAL 

The collection and distribution of the samples is described in a 
separate paper (Clifcorn, ’44). The same report contains the details 
of coding, packing dates, collection by areas and can sizes. When 
received at this laboratory the coded samples v/erc stored in the base- 
ment room until assayed. The temperature of the room ranged from 
22°C. to 26°C. for the duration of the work, September 1942 to August 
1943. 

Preparation of samples 

The contents of all cans taken for one sample (6 consumer size cans 
or 1 to 3 no. 10 cans) were combined and mixed. The solids of green 
beans, lima beans, carrots, white and yellow whole kernel corn, peas, 
apricots, asparagus, beets, grapefruit segments, peaches, tomatoes, 
pineapple slices, spinach, and pears were separated from the liquids 
on a screen. The solids were weighed and the liquid volume determined. 
One-tenth of the solid and liquid portions (300 to 400 gm. total weight) 
were recombined, and this reconstituted aliquot was blended with 
2-3 ml. of chloroform in a Waring Blendor. In the case of apricots, 

’PuMislicd with the aphioval ot the Director of the Wisconsin Aericultural Esporiroent 
station. Supported in part by a grant from the National Canners Association-Can Mann- 
facturers Institute Nutrition Program (see Clifcorn, ’44). 
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asparagus, beets, grapefruit segments, peaches, tomatoes, pineapple 
slices, spinach, and pears, the foods were macerated by a propeller- 
mixer or cut to a small particle size by hand before the solid and 
liquid portions were separated. Prunes were treated in a similar man- 
ner, except that the pits were removed and only the edible portion 
macerated, blended and analyzed. 

The various canned juices (tomato, grapefruit, orange and pine- 
apple) were not homogenized in the Waring Blender, but the contents 
of the individual cans were simply stirred together. The desired aliquot 
was then removed and 2-3 ml. of chloroform added. 

Baked beans, salmon, dry-packed shrimp, and sardines in tomato 
sauce were hand-mixed, and a weighed amount, plus 2-3 ml. of chloro- 
form, was blended with sufficient water to form a thick slurry. Tuna, 
brine-packed shrimp, sardines in oil, and brine-packed mackerel, how- 
ever, wei’e drained, the oil or brine discarded, and the solid portion 
then treated in the same way as the baked beans, salmon, shrimp and 
sardines. 

Assay methods 

Thiamine. Ten-gram samples of the blended foods were weighed out . 
for extraction with 0.1 N HaSO^ and subsequent analysis. Thiamine 
was determined by the thiochrome method of the Research Corporation 
Committee based on the thioehi*ome method (Hennessy, ’42) with the 
following modifications : (a) extractions were made at 70°0. for 1 
hour rather tlian -} hour in boiling water ; (b) enzymatic digestion was 
performed at 37°C. over-night rather than 2 hours at 45-50°C.; (c) in- 
stead of using a separate series of standards, a standard value was 
obtained by adding a standard thiamine solution to a third aliquot 
of the KCl-HCl eluates and determining the increased thiochrome pro- 
duced over that of the eluate alone. 

Niacin. Five grams of the homogenized sample were hydrolyzed with 
50 ml. of N NaOH at 15 pounds pressure for 30 minutes. After hydroly- 
sis the suspension was adjusted to a pH of 6 . 6 - 6.8 with N HCl (brom 
thymol blue, outside indicator) and diluted to give an estimated concen-. 
tration of 0.05 to 0.1 ug, of niacin per millilitei’. Fish samples were 
hydrolyzed "with 50 ml. of N H 2 SO 4 at 15 pounds pressure for 30 minutes. 
The sample was then adjusted to a pH of 6 . 6 - 6.8 with NNaOH and 
' diluted to the same concentration as mentioned above. 

The assay method of Snell and Wright (’41) was employed with the 
modified medium of Krehl, Strong and Elvehjem (’43). Each samp® 
was set up at five levels (1, 2, 3, 4, and 5 ml. of test suspension P®^’ 
tube), and duplicate assays were rnn on different days. 
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' UESULTS ANB DISCUSSION 

The results obtained are summarized in table 1. The values are 
expressed as milligrams of the vitamin per 100 gm. of the entire original 
contents of the can except in the cases noted previously. The data pre- 
sented are believed to be much more extensive than anything hereto- 
fore published on.thc thiamine and niacin content of canned foods. 
Suihoiently large numbers of samples were analyzed so that the average 
values found may be considered to represent quite closely the true 
vitamin content of the foods studied. 

T^lBliE I 


Thiamin<f end niacin content of canned foods. 



TiiiAMivr. ncl 

fiucin 

nance 

Averace 

R&rcp 

Avernce 

* 


tniT CJ* 

mff ei 

fHff. % 

tnff. Cp 

Apricots, unpcclod halves 

21 

O.OOS-0.026 

0.019 

0.20-0.48 

0.37 

Asparagus, all groen 

30 

0.04CM).122 

0.067 

0.22-'1.19 

0.85 

Culturally bleached 

12 

0.043-0.055 

0.050 

0.C3-D.88 

0.75 

Beaus, baked New England style 

3 

0.010-0.027 

0.021 

0.15-0,32 

0.24 

With tomato sauce 

3 


0.053 


0.91 

Green cut 

75 

0.011-0.0.-)3 

0.029 

0.18-0.60 

0.32 

Lima, green 

27 

0.010-0.048 

0,032 

0.32-0.77 

0.55 

Becla 

27 

0.004-0.014 

0.008 

0.06-0.28 

0.13 

Carrots 

19 

0.013-0.027 

0.021 

0.10-0.49 

0.34 

Corn, white, whole kernel 

40 

0.010-0.030 

0.021 

0.46-2.50 

0.88 

Yellow, whole kernel 

Cl 

0.014-0.045 

0.026 

0.53-1.06 

0.77 

Grapefruit juice 

43 

0.012-0.050 

0.025 

0.0S-0.49 

0.17 

Segments 

24 

0.007-0.046 

0,026 

0.13-0.35 

0.21 

Mackerel 

9 

0.031-0.045 

0.034 

4.01-11.4 

7.82 

Orange juice 

13 

0.033-0.103 

0.072 

0,18-0.30 

0.25 

Poaches, clingstone, halves 

17 

0.005-0.011 

0.007 

0.48-1.18 

0.70 

Freestone, halves 

13 

0.005-0.011 

O.OOS 

0.34-0.90 

0.57 

Pears, halves 

30 

0.005-0.013 

0.009 

0.06-0.28 

0.13 

Peas, sweet, wrinkled varieties 

94 

0.056-0.183 

0.115 

0.42-2.69 

1.06 

Alaska 

6 

0.085-0.121 

0.099 

0.68-1.04 

0.80 

Pineapple juice 

IS 

0.031-0.070 

0.052 

0.16-0.20 

0J8 

Sliced 

17 

0.053-0.087 

0.070 

0.12-0.20 

0.17 

Prunes, Italian 

10 

0.017-0.030 

0.024 

0.19-0.47 

0.36 

Salmon 

5 

0.014-0,038 

0.021 

5.95-8.91 

7.81 

Sardines, in oil 

5 

0.014-0.042 

0.024 

2.92-7.15 

5.57 

In tomato sauce 

10 

0.007-0,016 

0.010 

2.36-5.40 

3.93 

Shrimp, dry pack 

3 

0.006-0,011 

0.009 

1.10-3.40 

2.25 

Wet pack 

5 

0.004-0.011 

O.OOS 

0.72-2,52 

1.36 

Spinach 

31 

0.009-0.0 U 

0.020 

0.16-0,64 

0.30 

Tomatoes 

63 

0.019-0.077 

0.049 

0,41-0.97 

'0.69 

Tomato juice 

77 

0.014-0.063 

0,049 

0.55-1.77 

0.75 

Tuna 

6 

0.016-0.082 

0.037 

7.60-13.0 

10.2 - 
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The extent of the range in thiamine content varied considerably from 
product to product. The highest values for apricots, green beans, white 
corn, grapefruit juice, peas, spinach, tomato juice and tomatoes were 
approximately four times the lowest values. The range for grapefruit 
sections and tuna hsh was 5- to 6-fold, while that for the remaining 
foods was 3-fold or less. 

TABLE 2 


Comparison of can size and vitamin cojitenf. 


PRODUCT 

CAN 

Ko. or 

THIAMINE 


HUCIN . 


SIZE 

SAMPLES 


Average 

Ranpre 

Average 

Asparagus, all green 

c ^ 

20 

mg. % 

0.045-0.122 

mg. % 

0.071 

mg. % 

0.60-1.07 

mg. <fc 
0.89 



10 

0.040-0.090 

0.059 

0.22-1.19 

0.78 

Culturalij bleached 

c 

8 

0.044-0.055 

0.050 

0.64-0.83 

0.74 


I 

4 

0.043-0.052 

0.050 

0.63-0.88 

0.77 

Beans, green cut 

0 

54 

0.011-0.053 

0.028 

0.18-0.60 

0.31 


I 

21 

0.017-0.047 

0.031 

0.27-0.44 

0.32 

Lima, green 

c 

18 

0.023-0.048 

0.034 

0.32-0.77 

0.53 


I 

9 

0.019-0.041 

0.027 

0.33-0.67 

0.58 

Beets 

c 

17 

0.004-0.012 

0.008 

0.06!-0.28 

0.12 


I 

10 

0.006-0.014 

• 0.009 

0.08-0.22 

0.14 

Carrots 

c 

12 

0.013-0.027 

0.021 

0.25-0.49 

0.35 


I 

7 

0.017-0.025 

0.022 

0.19-0.45 

0.32 

Corn 

^Yhite, whole kernel 

c 

40 

0.010-0.039 

0.022 

0.46-1.50 

0.88 


I 

6 

0.010-0.023 

0.017 

0.86-1.04 ^ 

0.90 

Yellow, whole kernel 

c 

47 

0.015-0.045 

0.027 

0.56-0.95 

0.75 


I 

14 

0.014-0.037 

0.021 

0.53-1.06 

0.81 

Peas 

c 

80 

0.056-0.188 

0.119 

0.62-2.69 

1.10 


1 

20 

0.078-0.146 

0.103 

0.42-1.34 

0.96 

Spinach 

c 

20 

0.010-0.041 

0.021 

0.20-0.64 

0.32 


I 

11 

0.009-0.025 

0.018 

0.16-0.51 

0.27 

Tomatoes 

c 

58 

0.019-0.061 

0.047 

0.41-0.97 

0.68 


I 

5 

0.045-0.077 

0.063 

0.74-0.96 

0.86 


* C = consumer size can. 

“ I = institutional size can. 


The thiamine content did not seem to be correlated with the time of 
season except in the ease of sweet peas. Early season peas were found 
to be slightly lower in thiamine content than mid-season and late-season 
samples. Average values from seventeen factories were 14.1% higher 
at mid-season and 11.5% higher at late season than the early season 
samples. It should be noted that because of the relatively high thia- 
mine content of peas such differences are more readily detected than 
in the other products. The pH of the liquid in the can did not seem o 
be a factor in the variations found in the thiamine content of any one 
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product. It -would seem that the longer sterilization times used for the 
larger institutional can sizes might reduce the thiamine content to 
lower values than those found in consumer size cans. The comparison 
in table 2, however, fails to show a consistent difference. 

As expected, the fish products were found to contain more niacin than 
any other type of food analyzed. The values found ranged from 10.2 mg. 
fo in tuna fish to 1.3Gmg. % in shrimp. Of the canned vegetables 
analyzed, asparagus, com, peas, and tomato juice were found to con- 
tribute the most niacin to the dietary, but were still relatively low in 
this vitamm since they contained only 0.75-1.0G mg. %. Fruits as a 
group were still lower, less than 0.7 mg. % being present. 

As in the case of thiamine, there was no difference in niacin content 
of foods packed in the larger or smaller cans, as may be seen by com- 
paring the average values in table 2. An attempt was made to correlate 
the niacin values found for each type of food ivith the time of harvest. 
In no case was any correlation found which would help to explain the 
wide ranges of some of the products. These ranges, as in the case 
of the thiamine assays, varied from 2- to 6-fold. 

Although in the case of most foods the range is rather wide, this 
wide range is due to only a few samples. Thus the niacin content of 
peas in over 88% of the samples analyzed fell within a 2-fold range, 
although the exti-eme range was about 6-fold. 

SUM5IARY 

Average values and ranges for the thiamine and niacin content are 
reported for thirty-two canned food products. Considerable variation 
has been found. The thiamine content of peas appears to be slightly 
affected by the packing season. With this exception no correlation was 
found between thiamine or niacin content and can size, time of harvest, 
or pH of these products. 
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A more thorough knowledge of the vitamin content of canned foods 
is of obvious importance to those who formulate nutritional programs 
and dietaries. In an effort to obtain reliable data, the National Canners 
Association — Can Manufacturers Institute, have collected and dis- 
tributed samples of canned foods to a number of laboratories for assay. 
The method of collection, distribution, etc., has been described in detail 
in a previous report of this series (Clifeorn, ’44). This laboratory has 
concerned itself with analyses of these samples for riboflavin and for 
pantothenic acid. 

EXPERIMENTAL 

Preparation of samples 

■ Detailed treatment of samples varied somewhat with the nature of 
the material assayed. In all cases, contents of all cans of a particular 
sample (usually six) were mixed. Ten grams of the mixed samples of 
juice (grapefruit, orange, pineapple, tomato) were then taken directly 
for enzyme treatment. With apricots, asparagus, beets, grapefruit seg- 
ments, peaches, pears, pineapple, spinach and tomatoes, the entire 
sample was mixed in an earthenware jar with a propeller mixer until 
the state of subdivision was rather tine (about 5 minutes). Pour hun- 
dred and fifty grams of this material were then transferred to a War- 
ing Blendor, and mixed for 3 to 5 minutes longer until the material 
was thoroughly homogenized. A 10-gm. sample of this material was 
then removed for enzyme treatment. Baked beans, salmon, sardines in 
tomato sauce, and shrimp (dry-pack) were hand-mixed; 225 gm. were 
then transferred to the Blendor, 225 gm. of water added, the mixture 
blended as above, and 10 gm. of the blended material (equivalent to 5 
gm. of the original sample) removed for enzyme treatment. With mack- 

* This work was supported in part by a grant from the National Canners Association 

Can Manufacturers Institute Nutrition Program to Professor E. J. Williams (see Clifeorn, 
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erel, sardines in oil, shrimp (wet-pack) and tuna, the liquid content 
of each can was discarded and the samples then mixed and treated in 
the same manner as the fish products above. With green beans, lima 
beans, carrots (diced), white and yellow corn, and peas, the liquid ivas 
drained off, and liquid and solid weights obtained. The solids were 
hand-mixed, a 450-gm. sample was reconstituted from the liquids and 
solids, and transferred to the Blendor, homogenized 3-5 minutes, and 
then a 10-gm. sample removed for enzyme treatment. Prunes were 
treated in the same manner as corn and peas, after preliminary re- 
moval of the pits. 

For enzj^me treatment, solutions of clarase and papain (Caroid) 
were prepared which contained 20 mg. of the enzyme dissolved (or 
uniformly suspended) in 1 ml. of acetate buffer, pH 4.5 (Cheldelin 
et ah, ’42). Five milliliters of each enzyme solution (equivalent to 100 
mg. of each enzyme) were added to each 10-gm. sample of foodstuff, 
The mixture was diluted to 30 ml, with acetate buffer, and incubated 
for 24 hours at 37°G. under about 2 ml, of benzene. After incubation, 
the samples were heated at 100° C. for 15 minutes in flowing steam in 
order to remove benzene and precipitate proteins and then were di- 
luted to 50 ml. with water. A small amount of Hyflo Supercel was 
added, and the samples then filtered with gentle suction. Assays for 
riboflavin and pantothenic acid were made on the filtrates. “Blank de- 
terminations” of the riboflavin and pantothenic acid concentrations in. 
the enzyme samples were made by the same procedure at frequent in- 
tervals ; this correction was subtracted from the values obtained on tte 
sample. This correction varied slightly with different lots of enzyme, 
but averaged .032 mg. calcium pantothenate and .012 mg. riboflavin 
per 100 gm. of sample. 


Assay methods 

Riboflavin was determined by the method of Snell and Strong (’39) ; 
pantothenic acid was determined by the method of Pennington, Sneli 
and Williams ( ’40) . All assays were carried out on clear, filtered, en- 
zymatic digests of the food sample, prepared as described above. Fi - 
tration was carried out at pH 4.5-4.7, and thus the presence of fatty 
materials which interfere in assays involving use of L. easei (Strong 
and Carpenter, ’42; Wegner et ah, ’42) was avoided. 

In general, the samples were satisfactory for the riboflavin 
With the pantothenic acid assay, there was in many instances a dn 
in the values obtained. When this was present, those values calea a 
from low assay levels were considerably higher than those calcula e 
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from higher levels. The values obtained tended to become constant 
at the higher assay levels (lowest assay figures). It was first attempted 
to remedy this situation by applying to the samples the method of 
Strong, Feeney and Earle (’41) and that of Landy and Dicken (’42). 
However, Uie same tendency was present to about the same degree 
when these methods were used. For purposes of assay the drift was 
therefore allowed to occur, hut when it occurred only the lower values 
were used. These were obtained on the upper portion of the standard 
curve, where the drift in values was largely eliminated. Recovery ex- 
periments with added pantothenic acid showed lOO^fc recovery at these 
levels, indicating validity of the results. Previous experience with mi- 
crobiological assay methods has indicated that when such a drift oc- 
curs, the lower values, obtained at higher assay levels, approach more 
closely the true vitamin content of the material in question. Toward the 
end of the assay program, a modified method for pantothenic acid ap- 
peared “ (Neal and Strong, ’43). This method was sensitive to smaller 
amounts of pantothenic acid, and also largely eliminated drift in sam- 
ples where this was apparent. Numerous assays were therefore made 
according to this procedure. Excellent agreement between results ob- 
tained by this method and the method used throughout the present 
investigation indicates reliability of results obtained with either technic 
(cf. table 2). 

RESULTS AND DISCUSSION 

A summary of the assay results obtained is given in table 1. Com- 
parative assay results obtained by the method of Neal and Strong 
(’43) and that of Pennington, Snell and IVilliams (’40) are given in 
table 2. 

One of the most interesting facts to emerge from these assays is 
the great variation in vitamin content which occurs from one sample 
to another of any one foodstuff. Examination of table 1 reveals that 
different samples of most products vary 3- to 4-fold in their vitamin 
contents; in some cases even greater variation is evident. This varia- 
tion becomes more significant when it is remembered that most of 
the samples assayed consisted of the pooled contents of six cans of ma- 
terial. It emphasizes the unsatisfactory nature of conclusions based 
upon assays of the contents of individual cans, picked at random from 
shelves of retailers. The range as given in the table, however, is some- 
what misleading, since it represents the extreme variations which oc- 
curred. Assays on the great majority of samples lay much closer to 
the average than these extremes would indicate. 

* The nuthora wish to thatik Dr. Strong for use of his manuscript in advance of publication. 
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Information supplied with the samples permitted their classification 
according to can size and packing date — early, late, or mid-season. 
■\¥here the number of samples justified it, classification was made on 
each of .the above bases. No significant differences in average values 
obtained appeared m any case. 


TABLE 1 

Pantothenic acid and riboflavin content of canned foods. 


NO. or SASIT»I>ES 


CAI^CItrSf PANTOTHENATE 


RIBOFLAVIN 



Retail 
size cans 

cans 
No. 10 

RanRe 

Average 

Range 

Averare 




mff./lOOom. mg.flOOom. mg. /100 pm. 

mg.flOO 

pm. 

Apricots, unpeeled halves 

21 


.045-.20 

.095 

.012-.039 

,024 

Aspar.agus, all green 

20 

11 

.072-43 

.19 

.039-.19 ■' 

.096 

Culturally bleached 

8 

4 

.092-.16 

.12 

.044-.073 

.058 

Beans, baked 







New England stylo 


3 

.061-.11 

.081 

.051-.059 

.054 

With tomato sauce 


2 

.092-.ll 

.10 

.019-.029 

.024 

Green cut 

53 

19 

.023-.H 

.061 

.018-065 

.034 

Lima, green 

17 

9 

.068-.17 

.11 

.023-.062 

.042 

Beets 

18 

9 

.045-.12 

.076 

.011-.059 

.025 

Carrots 

12 

7 

.093-.21 

.13 

.009-.042 

,021 

Corn, white, whole kernel 

40 

6 

.10 -.50 

.18 

.027-.064 

.043 

Yellow, whole kernel 

47 

14 

.094-.32 

.21 

.025-.072 

.044 

Grapefruit juice 

43 


.065-.17 

.12 

.010-.033 

.019 

Segments 

24 


.063-.19 

.13 

.008-.039 

.021 

Mackerel 

9 


.13 -.48 

.29 

.13 -.29, 

.20 

Orange juice 

15 


.081-.17 

.12 

.012-.038 

.022 

Peaches, clingstone, halves 

17 


.017-.065 

.041 

.013-.030 

.022 

Freestone, halves 

14 


.020-.13 

.052 

.009-.034 

.021 

Pears, halves 

30 


.008-.041 

.022 

.009-.032 

.019 

Peas, sweet, wrinkled 







varieties 

73 

21 

.081-.26 

.15 

.025-.1O 

.054 

Alaska 

6 

1 

.069-.18 

.13 

.037-.064 

.049 

Pineapple juice 

18 


.066-.18 

.10 

.001^.031 

.018 

Sliced 

17 


.053-.15 

.10 

.006-.030 

.021 

Prunes, Italian ‘ 

10 


.027-.085 

.044 

.019-.032 

.026 

Salmon 

5 


.47 -.73 

.57 

.14 -.17 

.16 

Sardines, in oil 

5 


.44 -.65 

.53 

.09 -.15 

.11 

In tomato sauce 

10 


.41 -.58 

.47 

.12 -.23 

.18 

Shrimp, dry pack 

3 


.26 -.35 

.29 

.027-.037 

.032 

Wet pack 

5 


.18 -.22 

.21 

.026-,035 

.031 

Spinach 

20 

11 

.021-.14 

.051 

.024-.13 

.082 

Tomatoes 

58 

5 

.11 -.44 

.23 

.011-050 

.028 

Tomato juice 

79 


.17 -.39 

.25 

.009-.04G 

.028 

Tuna 

0 


.13 -.19 

.17 

.11 -.17 

.14 

* Reported on pit-free basis. The pitted samples weighed 
as the whole sample. 

on the 

average 95% 

as mucl) 
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It is -well known that pantothenic acid occurs naturally in forms 
which are unavailable for test organisms used in microbiological as- 
says. For this reason, enzymatic digestion of samples is now univer- 
sally employed to liberate additional pantothenic acid. The enzymatic 
digestion procedure used throughout this work was that of Cheldelin 
et al. (’42). Application of this method to animal products results in 
large increases in pantothenic acid over those obtained by water ex- 
traction. At the time this assay program was undertaken, no investi- 
gation of the efBcieney of enzj-matic digestion procedures in liberating 

TABLE i 

Cor»parat»v<“ for pantothenic acul. 


CALCICU PANTOTnSNATE 

VO or — 

BAMrLES Penninsrton *t fcl. KeM And Strnns 

liance Average Kance Avence 




mff /lOO am. 

ng./lOO ffm. 

mff /lOO ffm. 

tna./iOO ffm. 

Beans, green, cut 

C 

.0C0~.075 

.063 

.059-.090 

.006 

Green lima 

3 

.11 -.13 

.12 

.06 -.14 

.10 

Beets 

1 


.071 


.070 

Carrots 

1 


.13 


.14 

Corn, white, whole kernel 

7 

.16 -.50 

.26 

.16 -.42 

.27 

Yellow, whole kernel 

13 

.20 -.32 

.23 

.19 -.30 

JIG 

Pears 

1 


.017 


.019 

Peas, 






sweet, wrinkled rarieties 

4 

.13 -.15 

.14 

.06 -.20 

.14, 

Pineapple, sliced 

1 


.03 


,10 

Sardines, in oil 

1 


.49 


.56 

Shrimp 

4 

.20 -.26 

.22 

.20 -.29 

.22 

Spinach 

1 


.039 


.053 

Tomatoes 

1 


.23 


.30 

Tomato juice 

o 


.27 


.27 

Tuna 

2 


.19 


.19 


pantothenic acid from cooked plant or animal tissues had been made. 
It is possible that other digestion procedures would liberate more pan- 
tothenic acid than that indicated by our assays. The figures obtained 
here for pantothenic acid should thus be regarded as minimum values 
for the canned product in question. 

The use of enzj-matic digestion preliminary to riboflavin assay is not 
so common. For the above program, use of such a procedure presented 
the very considerable advantage that the preparation of only one ex- 
tract instead of two was necessary. Preliminary trials with a number of 
samples showed that values obtained by the above procedure cheeked 
those obtained by the more commonly used isroeedures of autoclaving 
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with water (Sneli and Strong, ’39) or'%rith dilute acid (e.g. Wegner 
et ah, ’42), Cheldelin et ah {’42) also found enzymatic digestion to 
be as efficient as neutral- or acid-autoclaving in liberating riboflavin, 
while digestion with pepsin was recommended by Van Duyne (41) 
for the extraction of riboflavin from tissues. 

With both pantothenic acid and riboflavin, the correction in assay 
, value rendered necessary by the vitamin content of the enzyme pre- 
paration used is considerable; in some cases it approaches in mapi- 
tude the vitamin content of the product in question. Values for this 
correction are entirely reproducible, however, so that the proeecinre 
would lead to error only if the value for the enzyme correction consid- 
erably surpassed the assay value of the sample. This situation did 
not exist. That this factor did not influence the accuracy of the assays 
is shown by the agreement of values obtained by two methods for pan- 
tothenic acid (table 2), and the above-mentioned agreement in assay 
values for riboflavin obtained after enzyme-treatment, and after ex- 
traction with acid. 

SUMMARY 

Average values for the riboflavin and pantothenic acid content of 
32 different types of canned foods are given. The amount of these 
vitamins present in different samples of any given canned food varies 
considerably. Reasons for this variation are not apparent from the 
present study. It was not correlated with can-size, or with the time 
during the growing season that the food was packed. 
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This portion of the research program of the National Cannovs Asso- 
ciation — Can Manufacturers Institute was designed to supplement 
the large body of data on vitamin contents of a great variety of canned 
foods to be obtained b)' other laboratories, with information about the 
distribution of water-soluble vitamins in a representative number of 
canned vegetables and fruits. A fair picture of such distribution could 
be obtained, it was thought, by determination pf three of these vita- 
mins; namely, ascorbic acid, thiamine, and riboflavin in the solid and 
liquid portions of several types of the canned prodnets. Thus' the 
proportions of the three vitamins found in the solid and in the brine 
of eight different canned vegetables, both in consumer size and in no. 

10 size cans, as well as those found in the solid and in the syrup of 
seven canned fruits, in consumer size cans only, are here reported, 

EXPERIMENTAL METHODS 

Separation and weighing of solid and liquid 
Separation of solid and liquid portions for distribution studies was • ' 
carried out approximately according to the standard techniques de- 
scribed by the Association of Official Agricultural Chemists. The only 
variations from these procedures were that a 12-inch sieve, rather than 
an 8-inch one, was used for drainage of whole single no. 2 or no. 2i cans 
and that for all vegetables in no. 10 cans, except spinach, the contents 
of each can were drained in two portions, each for 2 minutes, on the 
12-inoh sieve. For no. 10 cans of spinach the contents of a can were 
drained in three portions, each for 3 minutes. 

The weights of solid and liquid recorded in the tables on tbe “per 
can” basis are, in the case of consumer sizes, tbe single can averages 
of tbe weights obtained on mixtures of solids and mixtures of liquids 
combined from three or six cans, and are, in the case of no. 10 cans 
the averages of six separate weighings of the two portions of six no. 

10 cans. 
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Sampling for analyses 

For vegetables in consumer size cans, the whole amount of solids 
from three (or, six) cans was mixed as well as possible without macer- 
ating the material and then two approximately 150- to 200-gm. sam- 
ples were removed from the mixture and separately blended in the 
Waring Blendor with measured amounts of 3% metaphosphoric acid 
and 0.1 N sulfuric acid in preparation for the exti'action of ascorbic 
acid and thiamine-riboflavin respectively. The whole lot of solid from 
three such cans was deliberately not more intimately mixed, as by 
ihaceration, before the samples were withdrawn, because, for the other 
part of this study, the remaining two can quantities of solid were 
required intact. These were to be further divided for reconstituting 
with liquid to form representative single can contents which would be 
used in duplicate experiments on vitamin retentions in heating as in 
family scale preparation for serving. 

For vegetables in no. 10 cans, 200-gm. samples were removed from 
each can’s solid portion before the remainders were combined for the 
experiments on large scale preparation for serving. The 1200 gm. 
thus brought together from six cans were thoroughly mixed with a 
beater in the ‘'Kitchen Aid” bowl and the 200-gm. samples then used 
for vitamin determinations were taken into the Waring Blendor cup 
from this macerated mixture. 

For fruits, no heating experiments were carried out and since in 
these the solid portions were all large pieces, the mixture of solids from 
six consumer size cans were necessarily also macerated in the “Kitchen 
Aid” bowl before samples were taken for analyses. 

Sampling of solid portions was further continued by transferring 
appropriate aliquots of blends, to volumetric flasks for buffering in the 
ease of ascorbic acid determination, and to 250-ml. centrifuge bottles 
for hot extraction with 0.1 N sulfuric acid in the case of thiamine and 
riboflavin determinations. 

In sampling the liquid, the weighed portions -were -withdrawn from 
the complete mixture of liquid from all the cans of a set, and were 
transferred to the appropriate acids. For ascorbic acid extracts, 2o- 
to 50-gm. samples were taken and for thiamine-riboflavin digests, In- 
to 30-gm. samples. 


Methods of analyses 

Chemical methods of analyses were employed for determination of 
the three vitamins. 
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For most of the ascorbic acid detei'iuinatioiis, the ilorcll ( ’41) modi- 
fication of the Bessey ( ’38) method for photoelectric moasuromout of the 
reductions of the indophenol dye was used, employing the Coleman 
Universal Spectrophotometer Model II. For these, the wave length 
dial was sot at 500 mv, since that was found to he the wave length of 
maximum absorption for the particular batch of dye used throughout 
the experiments. The calibration equation derived by the method of 
least squares was used for calculations, rather thaiv a plotted curve. 
However, even with the use of such an equation, dilutions of ascorbic 
acid in the final test solution below 0.002 mg, per milliliter were 
avoided, since determinations below this level were apt to have errors 
in excess of 10%. 

In the first four experiments, namely, those on sweet peas in table 1, 
the Bessey ( ’38) technique was used, with the wave length dial set at 
520 mu. In these experiments, to avoid unduly large errors, the concen- 
tration of ascorbic acid in the final test solution was not allowed to 
fall below 0.004 mg. per milliliter. 

Finally, because the Spectrophotometer had to be sent away for a 
galvanometer repair, it was necessary to use the titration method in 
a considerable number of determinations averaged in table 1; namely, 
those on green beans, all of those on corn, and in one on spinach. In 
these, a 3% metaphosphoric acid extract was titrated to a 15-scoond 
end-point with the dye. 

For thiamine and riboflavin determinations, acid digestion was fol- 
lowed by overnight incubation with 0.4% clarase at 37“C. and ph 4.3 to 
4.5. Then the double adsorption technique of Conner and Straub ( ’41) 
was used. 

Since we have had some difficulty regarding satisfactoiy recovery 
of the vitamins from recent samples of their respective adsorbents and 
have learned that others have likervise had trouble, it would seem to 
be appropriate to state here that all samples of Decalso and Florisfl 
employed in this study had been tested with solutions) of crystalline 
thiamine and riboflavin respectively, and that no adsorbent was put 
into use which gave less than 93% recovery. Moreover, with each set 
of determinations on a vegetable or fruit, one recovery experiment was 
included, in which sjmthetie thiamine and riboflavin were added to a 
digestion bottle along with a third aliquot of the blend of the solid 
sample and carried through the whole procedure. Among forty-eight 
such determinations, thiamine recoveries ranged from 90 to 107% in 
forty-one of them and were 75, 75, 84, 109, 113, and 116% in the re- 
maining seven, whereas riboflavin recoveries ranged from So to 106% 
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Visirihution of water soluble vitamins in consumer sisc cans of vegetables' 
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in forty out of forty-seven determinations and were 73, 82, 82, 110, 
110, 111, and 116 in the remainder. ' 

For fluorescence readings tlie Coleman Electronic Pliotofl^orometer 
was used. For standardizing tlie instrument sensitivity the usual stable 
fluoplior, quinine sulfate (0!l35 (jg. per milliliter) in 0.1 NHoSO^ was 
used for the tMoclirome readings, whereas sodium fluorescein (0.100 
ng. per milliliter) in 0.01 N NaOH was used for riboflavin. 

The most important of the variations made by us from the rest 
of the Conner and Straub procedure concerned the fluorescence deter- 
minations in the eluates of thiamine and ribofiavhi. For both, indiv- 
idual non-specific fluorescence blank readings were made ; in the former, 
by the usual Hennessy and Oerecedo (’39) technique of omitting tie 
potassium ferricyanide ; in the latter, b}^ exposing some of each eluate 
to light (Najjar, 41), using a General Electric AH-4 100-watt mercurf 
vapor lamp in an ordinary pyr^x test tube at a distance of 12 mm. from 
the lamp bulb for a period (22 to 30 min.) which in preliminary tests, 
bad been determined as sufficient to destroy all the riboflavin, follow- 
ing which the same KMnOi and HaOo treatment used on an unesposed 
aliquot of eluate was also given to the blank. Further appropriate 
corrections were also made on all readings for thiamine and riboflavin 
fluorescence values of those amounts of clarase represented in the final 
test aliquots. Moreover, for both vitamin determinations internal 
standard readings were taken as the basis for calculation, using the 
average of the increments in readings in a series, obtained by the 
addition of 0.2 (or 0.4) of thiamine and 1.0 ag. (or 0.5) of riboflavin 
to one aliquot from each of the respective eluates. ' 

Discussrois’' ‘of eesults 
F egetahles 

Duplication of vitamin values in hvo lots from the same pach. Vita- 
min concentration values in duplicate 3-can lots of consumer size cans 
and in duplicate 6-can lots of no. 10 cans of identical code numbers 
were in general, in good agreement for thiamine and riboflavin, but 
not so good for ascorbic acid in nos. 2 and 21 cans and still less satis- 
factory for ascorbic acid in no. 10 cans. 

For thiamine and riboflavin, the variations between such duplicate 
lots for all can sizes were not over 10% except in five eases out of twenty- 
four for each vitamin, these running between 11 and 21% for the 
thiamine and between 13 and 33% for riboflavin. 

For ascorbic acid the variation in duplicate lots of nos. 2 and 
cans was over 20% in only one sample out of fourteen, whereas, m 



NUiniTlVE VALUE OP CASHED FOODS 


137 


no. 10 cans tLore were six instances out of a possible ten in wbicb 
variations were over 20% and reached as high as 40%. 

Comparative concentrations of vitamins in solids and liquids (all 
can sizes). The concentration of ascorbic acid in the solid ran generally 
somewhat lower than in the liquid, t lie ■ differences being most pro- 
nounced (50% to 100% of the solid value) for such products as corn 
and lima beans, in which a relatively lower water content of the solid 
portion probably explains the exaggerated difference in the amount 
of ascorbic acid dissolved in the two phases. 

The concentrations of thiamine in solid and liquid were the same, 
within experimental error, with eight exceptions among thirty-live 
possibilities. In the eight exceptional determinations, the variations 
between thiamine values for solids and liquids ran from 20% to 33%, 
and in both directions. 

The concentration of riboflavin in the solid was considerably higher 
than in the liquid in all cases, running higher from about 15% to 20% 
of solid value in the case of the solid of pens and some lima beans, to 
40% to 50% in the case of the solid of some samples of green beans, 
corn and spinach. 

Distribution of weight, ascorbic acid, thiamine and riboflavin betiueen 
solid and liquid. For all sizes of cans and all vegetables except spinach, 
and one lot of asparagus in no. 10 cans, the solid weight was in the 
range of 60% to 73%. One 6-can lot of no. 24 cans of spinach had solid 
weight of 55% and two 6-can lots of no. 10 cans of spinach had solid 
weight of 48% and 54%, whereas the exceptional lot of asparagus 
contained 58% of solid. 

For all sizes of cans : in asparagus, green beans, carrots and peas, 
the solid carried 60% to 68% of the ascorbic acid; whereas, in white 
and yellow com, lima beans, and spinach, the solid carried 46% to 
58% of the ascorbic acid. However, in consumer size cans there was 
one lot out of two, of yellow corn and spinach which fell in the range 
of the first group of vegetables in their ascoi'bic acid distribution. 

, For all sizes of cans and all vegetables, except some asparagus and 
corn and all spinach in no. 10 cans, the solid carried from 62% to 72% 
of the thiamine. In one out of two 6-can lots each of asparagus and 
white corn in no. 10 cans, the solid carried 58% and 59%, respectively, 
whereas for spinach in no. 10 cans the average was 53%. 

For all sizes of cans, and all vegetables except spinach, the solid 
carried 70% to 80% of the riboflavin. Spinach varied a great deal, 
for in no. 24 cans the solid had 69% and 82% of the riboflavin, whereas 
in no. 10 cans it varied from 57% to 62%. In one out of two lots of 
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asparagus, in no. 10 cans, the solid also had less of the riboflavin, 
64^0 . 

Fniils 

Comparative concentrations of vitamins in solids and liquids. (Con- 
sumer size cans only). In contrast to vegetables, the ascorbic acid 
concentration in the solids of canned fruits was the same, within ex- 
perimental error, as in the liquids except in the case of pears. For 
these the solid had a 207 o higher value than the liquid. 

As for vegetables, thiamine concentrations are about the Same in 
solids and liquids, except possibly in prunes, in which the 20% higher 
value for solids should be significant, the difference being in excess 
of experimental errors. 

Also as for vegetables, riboflavin values for solids are higher than 
those for liquids in all fruits except cling poaches. Although in most 
instances the percentage differences are as great as for vegetables, 
they are not as significant, especially for the lowest values, because 
of the large experimental errors in such low values. 

Distribution of weight, ascorbic acid, thiamine and riboflavin between 
solid and liquid. The whole range of solid weight is 46% to 67%, \\dth 
prunes and freestone peaches lowest and cling peaches highest. There 
are too few values to break them down into groups. 

The total ascorbic acid carried by the solid follows quite closely the 
percentages of solid weights and therefore the values are also dif- 
ficult to group.- In pears, however, higher ascorbic acid concentration 
in the solid which has been noted, shows up in the percentage figure 
for ascorbic acid in the solid. 

The total thiamine carried by the solid also follows the percentages 
of solid weight, being significantly higher only for prunes, as might be 
expected from the concentration values, and for freestone peaches, 
where the difference may be due to unduly large errors in the extremely 
low thiamine values. 

The total riboflavin carried by the solid is by percentage 5% to 12% 
higher than the percentage of solid weight, except, of course, in cling 
peaches, where it is lower in accordance with its lower concentration 
in solid. 

SUMMAEY 

To obtain information about the distribution of water-soluble vita- 
mins in canned vegetables and fruits, determinations of ascorbic acid 
thiamine and riboflavin were made on the drained solids and liquids of 
mixed 3-can or mixed 6-oan lots of identical pack, including eight dif- 
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ferent vegetables, both in consumer size and iii no. 10 size cans, and 
seven different fruits in consumer size cans. The degree of agreement 
between the concentrations of these vitamins in duplicate lots of iden- 
tical pack and the comparison of the concentrations in solids and liquids 
are summarized. Eegarding the overfall distributions, the obsem- 
tions led to the following general conclusions : (1) in most canned veg- 
etables the solid weight, being 60% to 73% of the total can contents, 
carried 46% to 68% of the ascorbic acid, 62% to 72% of the thiamine, • 
and 70% to 80% of the riboflavin. Spinach was the outstanding excep- 
tion to these ranges, for vith solid weights ranging from 48% to 55% 
of the total, all vitamin contents of the solid were correspondingly 
lower. (2) In fruits, the solid weights of the packs showed more varia- 
tion, being 46% to 67%, and the vitamin percentages borne by these 
solids were consequently also more variable, ascorbic acid and thia- 
mine percentages in solid agreeing closely with the weight percentages, 
and riboflavin paralleling them at about 5% to 12% higher level 
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(Received for puWicMion April 10, 1944) 

In a previons report (JIannering, Lipton and Elvelijem, ’41) data 
■were presented to show that the fat content of the diet had a marked 
effect on the rihofiarin requirement of the rat. The feeding of rihoflavin- 
low dextrin rations in which a large proportion of the carbohydrate had 
been isocalorically replaced by fat increased the amount of riboflavin 
needed by rats for growth and enabled the production of deficiency 
symptoms of greater severity than are usually observed. Animals fed 
these high fat rations developed a spastic paralysis of the hind quarters 
which could be prevented or cured by the administration of riboflavin. 
Shaw and Phillips (’41) have substantiated the above work and have 
been able to correlate the paralysis with degenerative neural changes. 

The increased riboflavin requirement resulting from the substitution 
of fat for dextrin might be explained on the basis that an increased cel- 
lular demand for the vitamin occurs during the metabolism of fat, or, 
as seems more likely from the experiments that are to follow, that such 
an alteration in dietarj’ constitution results in a decreased synthesis 
of available riboflavin by intestinal bacteria. Several papers have ap- 
peared in the literature emphasizing the role of dextrin in promoting 
the intestinal synthesis of certain vitamins. The coprophagy studies 
of Guerrant, Butcher and Tomey (’35) and Guerrant, Butcher and 
Bro-wn (’37) demonstrated that the feces of dextrin-fed rats contained 
greater quantities of undifferentiated B complex than the feces from 
rats fed sucrose, lactose, glucose, or cornstarch. Guerrant and Butcher 
( ’34) studied the effects of various dietary constituents on the require- 
ment of rats for thiamine and vitamin G (the heat stable portion of the 
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B complex). They concluded that fat and protein had no effect, that 
■higher levels of salts increased, and that agar,, cellulose and dextrin 
decreased the amount of vitamin G needed in the diet. Although ribo- 
flavin was not considered independently of vitamin G, these studies 
strongly suggest that the amount of riboflavin required in the diet by 
the rat may depend in part on the amount of riboflavin supplied from 
an enteric source, and that this, in turn, can be greatly influenced by 
certain dietary ingredients, particularly dextrinized cornstarch. 

The present investigation was undertaken to obtain further informa- 
tion regarding the relationship between dietary fat, dextrin, and ribo- 
flavin, and was later extended to include a study of the effect of other 
carbohydrates and of fat on the requirement for and fecal excretion of 
riboflavin. 

EXPERIMENTAL AND RESULTS 
Effect of substituting fat for dextrin 

The composition of the riboflavin-low diets used is presented in 
table 1, Eations K-25 and K-27, containing 25 and 40% of fat, respec- 
tively, are modifications of high carbohydrate ration K-24 made by 
isodynamically replacing dextrin with lard. Eation K-26 differs from 
ration 11-25 only in that a fat of vegetable origin ® was substituted for 
lard. All rations used in this series and those following were kept un- 
der refrigeration. The dextrin was prepared by making a paste of 
commercial cornstarch and water, autoclaving for 3 hours at 15 pounds 
pressure, diwing, and grinding. 

Three-week-old male albino rats weighing 35 to 40 gm. were partially 
depleted of their riboflavin reserves for 2 weeks on ration K-24 before 
being divided into four groups of twelve animals receiving the above 
diets and varying amounts of riboflavin (0, 3, 6, 9, and 12 pg. per day)- 
The riboflavin was fed in 4 ml. of a 25% ethanol solution which was 
pipetted into small dishes. The animals were housed in individual 
cages having 4 inch mesh screen bottoms. Pood consumption records 
were kept throughout the supplementation period. Spilled food was 
collected on paper towels placed beneath the cages and weighed, The 
results obtained during the 7 weeks following the depletion period are 
summarized in table 2. 

Examination of the table reveals that at each level of riboflavinnu- 
take the growth of the animals receiving the high dextrin ration {i jo 
fat)- was superior to that of rats fed the 40% fat diet. The growth of 
animals fed the 25% fat rations was intermediate. No important dif- 


• Crisco. 



table 1 

Hihofiavin-lf^w ratinns. 
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* CelMI flour. 

• Washed 3 times with hot water. 
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ferences could be shown between tbe groups receiving lard and Orisco. 
If the 'gains in weight of the i-ats fed each of the rations are plotted 
against the daily riboflavin dosage (omitted here to conserve space), 
it can be shown that increasing the fat in the diet to 40% at the expense 
of dextrin had an effect of increasing the riboflavin requirement about 
4 to 6 Mg. per day. Similarly, the feeding of rations containing fat 
increased the requirement by about 2 Mg. per day. The economy of food 
utilization, calculated as grams gained per 100 Cal. consumed, is closely 
correlated with the responses in growth made by the rats receiving tLe 
different rations and varying amounts of riboflavin. 

TABLE 2 


Grotoih of rats receiving rations containing different percentages of fat and graded omsi/nls 
of riboflavin. (Each iigiirc represents the average response of 3 rats.) 


RATION 

NO. 

TVPt OF 
RATION 

DAILY RIBOFLAVIN 
, INTAKE IN 

t iflCROORAWS 

GRAMS GAINED 

IN 7 WEEKS » 

OBA-MSCMSSara 
CAiORiE rrP X Rid 
(7 WEEKS) 

K-24 

High destrin 

0 

22 

: u 



3 

72 

1 5.7 


i 

6 

102 

! 6.9 



9 

148 

! 7.1 



12 

170 

j 8.0 


Average 1 


101 

j 5.8 

K-25 

25% lard 

0 

10 

j .7 


] 

3 

41 

4.0 



6 

71 

5.4 


i 

j 

9 

88 

6.6 



12 

121 

7.1 


Average 


66 , 

4.8 __ 

K-26 

25% Crjaco 

0 

8 i 

.9 



3 

39 I 

4.1 



6 

61 

5.7 

1 


9 

98 

6.6 

i 


12 

116 

6.6 

1 

Average 


65 

4.8 

K.27 

40% lard 

0 

4 

1 



3 

16 

! 2.1 



6 

! 53 

4.8 



9 

84 

5,9 



12 

98 

0.9 


Average 


51 

4.1 __ 


'Total prams gained daring 7 wcelss following S-week depletion period on ribofla'i” 
ration K-24. 
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That a 40% level of fat in the diet does not restrict the growth of rats 
when adequate riboflavin is supplied was demonstrated by raising two 
groups of four weanling male rats on rations K-24 and Iv-27 plus 100 
pg. of riboflavin per day. At the end of 6 weeks the animals fed the high 
dextrin ration showed an average weight increase of 184 gm. while those 
receiving the high fat diet had gained an average of 189 gm. 

It was conceivable that in riboflavin deficient rats the deleterious ef- 
fect of fat might be due to an impairment of fat absorption. In order 
to test this possibility fat balance studies were conducted during the 
third and fourth weeks following the depletion period on rats receiv- 
ing the high dextrin (K-24) and high fat (K-27) rations. Fat ri^tention 
was excellent in all animals regardless of the type of ration fed or of 
the riboflavin intake. The average retention of the fat of ration K-24 
was 96% (95 to 99) and of ration K-27, 98% (97 to 99). 

The total fat content of the livers of all the rats was determined in 
an attempt to detect a disturbance in fat metabolism or transport. Liver 
fat on a dry basis varied between 1.6 and 5.9%. The variations could 
not be associated with either the amount of riboflavin or the tj’pe of 
ration fed. 

Effect of siibstiluting fat for sucrose 

As mentioned previously, the effect of dietaiy fat in increasing the 
riboflavin requirement might be due not to the fat itself but to the 
replacement of dextrin, a carbohydrate known to stimulate the synthesis 
of vitamins by intestinal bacteria. Sucrose apparently lacks a similar 
stimulatory property. If the problem is essentially one of bacterial 
synthesis, the use of sucrose rather than dextrin as the source of carbo- 
hydrates should reduce growth, and the substitution of fat for sucrose 
should not result in a further reduction. With this in mind the follow- 
ing experiment was designed. 

Groups of sixteen male weanling rats were partially depleted of their 
riboflavin reserves by feeding for 2 weeks the folloiving riboflavin-low 
rations (table 1) : K-24 (high dextrin), K-27 (40% fat, dextrin), K-28 
(high sucrose), and K-29 (40% fat, sucrose). The animals udthin each 
group were then given varying amounts of riboflavin, namely, 0, 6, 12, 
24, and 36 pg. per day. The growth responses of the rats during the 6- 
week experimental period including the first 2 weeks of depletion are 
given in table 3. 

The snperiorit}' in groivth of rats receiving the high dextrin ration 
over animals fed the dextrin-lard ration is again substantiated. This 
same relationship cannot be shown when sucrose is employed as the 
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soHvce of carboliydrate. This is in agreement with the observations of 
Potter, Axelrod and Elvebjem ( ’42) who were unable to show any ef- 
fect of fat on the riboflavin requirement of dogs fed sucrose rations, 
The growth of rats fed the high sucrose ration was not significantly 
greater than that of animals fed either of the high fat diets. Eats fed 
the lard-dextrin ration, K-27, grew no better than those receiving tk 
sucrose or lard-sucrose diets although this diet contains considerable 
amounts of dextrin. It would appear that fat reduces or eliminates tbe 
riboflavin sparing effect of dextrin when these two constituents are 
included in tbe same ration. 

TABLE 3 , 

Growth of rats receivin/j different ribofiavin-loia diets and various levels of rihofiam. 

{Total grams gained in 6 weeks, inclvding S-weeh depletion period.) 


MlOnOOKAMB or KlBOriAVI!f/DAY ’ 


RATIO?; 1 
NO. 

TYPE or RATION 1 

i 0 

(4) 

1 6 
(3) , 

1 12 

1 (3) 

24 ' 

(3) 

36 

(3) 

lv-24 

Destrin 

33 

i 69 

i 88 

159 

■■ 

K-27 

Lard-de.Ytrin i 

4 

40 

75 

116 


K-28 

Sucrose 

21 

43 , 

89 

121 


K-29 

Lard-sucrose 1 

12 

1 46 

75 

1 128 



’ Number of rats indicated by numbers in parentheses. 


The comparison of the sucrose and high-fat sucrose rations was re- 
peated by raising two groups of fiive young male rats on rations K-2d 
and K-29 plus a suboptimal daily dose of 6 pg. of riboflavin. The pre- 
liminary depletion period was omitted. Pood consumption records were 
kept throughout the 7-week experimental period. The rats fed tbe 
high-sucrose ration gained an average of 82 gm. and those receiving tbe 
40% fat-sucrose diet showed a weight increase of 76 gm. The utiliza- 
tion of tbe two rations was comparable, 5.9 and 5.4 gm. gained per lOt* 
Cal. consumed of rations K-28 and K-29, respectively. 

Effect of various carhohydraies and of fat on the requirement 
for and fecal excretion of riboflavin 
The above work suggests that tbe beneficial effect of dextrin is d<ie 
to its stimulation of the production of available riboflavin by the in- 
testinal flora of the rat. If this concept is correct, a positive correlation 
might be found between growth and the amount of riboflavin excreted m 
the feces or contained in the cecum. The size of the cecum might a so 
be related to the amount of riboflavin synthesized. The following ex- 
periment was designed to determine whether or not such correlation'^’ 
could be made. 
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A total of 78 three-week-old male rats were feci isocalorically equiv- 
alent rations differing only in the kind of carbohydrate or in the amount 
of lard present. The following types of diets were employed (table 1) ; 
high- sucrose (K-30), 407o fat, sucrose (K-31), high dextrin (K-32), 
40% fat, dextrin (K-33), 40% lactose, sucrose (K-34), 40% fat, lactose 
(K-35), high-sucrose to which 10 parts of cellulose per 100 parts of 
ration had been added (K-36), 40% fat, sucrose, cellulose (K-37), high 
commercial cornstarch from which the dextrin had been prepared 
(K-38), and high alcohol-extraeted dextrin (K-39). The last ration 
was fed to determine whether or not alcohol extraction would remove 
any hypothetical substance responsible for the stimulatory effect of 
dextrin. All animals received 6 pg. of riboflavin per day throughout 
the 6-week test period in order to insure consistent yet suhoptimal 
growth. Half of the rats received the fullers’ earth-treated butanol 
liver extract equivalent to 4% of the original liver powder, but be- 
cause these animals responded no differently than did non-supple- 
mented animals of the same group, no differentiation is made between 
the rats within each group. The rations containing high levels of fat 
were prepared daily and fed in clean food dishes to prevent rancidity. 

At the end of 6 weeks the feeding of riboflavin was discontinued. 
The rats were maintained for an additional 9 days and throughout the 
last week of this period the feces were collected daily and stored in the 
refrigerator. The animals were then killed and the cecal contents col- 
lected quantitatively. The feces and cecal contents were dried in vacuo 
at 55° C., weighed, and saved for later riboflavin analysis. 

The riboflavin content of the feces of individual rats was determined 
in duplicate using essentially a combination of the flnorometric methods 
of Hodson and Horris (’39) and Conner and Straub (’41) as outlined 
by Andrews (’43). Because of the small quantities of material avail- 
able, the cecal contents of the animals of each group were combined for 
analysis. Several samples of feces were assayed by the bacteriological 
method of Snell and Strong (’39) as well as by the fluorometric method. 
The values obtained by the fonner procedure were erratic and as much 
as two or three times higher than those obtained by fluorometric 
analysis. This discrepancy was eliminated, however, by employing the 
Strong and Carpenter (’42) modification of the bacteriological assay 
which involves the removal of fatty stimulatory substances by means 
of ether extraction. The average riboflavin content of twenty samples 
of feces as measured by the fluorometric and bacteriological procedures 
was, respectively, 27.6 and 26.3 pg. per gram. 
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Lamoreux and Sciiumacher ('40) have reported that the riboflavin 
content of chicken excreta increases as much as 100% in 24 boars’ oii 
standing at room temperature. That a similar synthesis of riboflavin 
did not occur in the I'at feces during the collection intervals was sbomi 
indirectly by comparing the riboflavin content of the formed fecal ma- 
terial from the lower colon, obtained when the animals were autopsied, 
with that of the feces that had been collected throughout the preceding 
week. The colonic “feces” of eight animals taken at random from the 
various groups contained an average of 30.1 pg. per gram while the 
dropped feces from the same rats had a comparable riboflavin content 
of 32.9 pg. per gram. Active riboflavin synthesis probably does not oc- 
cur in rat feces on standing because of their relatively low moisture 
content. 

TABLE 4 

Effcci of various cartohydrates and of fat on growth and on the fecal excretion of ribo/iarin. 

All rats received 6 iig. of riboflavin per day except dvring period of feces collection. 


ItATTON 

NO. 

TYPE or RATrOK 

NO. 

OP 

RATS 

GAIN 

IN 

6 WKS. 

RIBO* 

PLAVIN/ 

CM. 

OP 

PECXS 

RtBO- 
FLAVIN 
EX- 
CRETED 
IN FECES 
/WEEK 

RIBO- 
FLAVIN 
EX- 
CRETED 
IN FECES 
/WK./ . 
100 Oil. 
RAT 

ribo- 
flavin/ 
OIL or 

CECAL 

CON- 

TENTS 

CICU 
CON- 
TESTS/ 
100 OM. 
or BAT 

K-30 

Sucrose 

14 

am. 

80 

ag. 

25.0 

23.2 

vg. 

19.3 

M-' 

22.0 

pm. 

.15 

K-31 

Lard-sucrose 

8 

75 

23.5 

24.5 

21.7 

19.0 

.16 

K-32 

Dextrin 

8 

108 

34.3 

72.4 

50.3 

25.6 

.25 

K-33 

Lard-dextrin 

8 

68 

24.3 

24.3 

22.8 

19.5 

.20 

K-34 

Lactose-suerose 

6 

89 

45.3 

89.0 

67.5 

41.8 

' .48 

K-35 

Lard-lactose 

6 

87 

23.4 

50.6 

38.8 

25.6 

.35 

K-36 

Cellulose-sucrose 

6 

83 

6.7 

28.3 

23.1 

9.7 

.26 

K-37 

Lard-cellulose-sucrose 

6 

81 

6.4 

30.2 , 

24.9 

8.2 

.24 

K-38 

Cornstarch 

8 

98 

30.5 

43.9 

32.5 

21.7 

.14 

K-39 

Alcohol extracted dextrin 

8 

97 

29.5 

58.4 

42.3 

24.7 

.31 


It was obviously important to determine whether or not significant 
quantities of riboflavin were being 'contributed by the variable consti- 
tuents of the diets. Lard, sucrose, cornstarch and lactose were found 
to contain less than 0.1 pg. of riboflavin per gram as measured by the 
fluororaetric method, amounts that could not seriously affect the results 
of this experiment. The results are given in table 4. 

The growth of rats receiving the high dextrin, cornstarch, and alcohol- 
extracted dextrin diets was superior to that of animals fed any of the 
other rations. Again the substitution of lard for a large part of the 
dextrin of the diet had a deleterious effect on growth while a similni" 
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replacement of sucrose by lard was wilbout effect. Tbe inclusion of 
cellulose in the sucrose and Inrd-sucrosc rations did not improve growth 
appreciably. The replacement of a targe part of the suerose of ration 
K-30 with lactose resulted in a slight increase in growth. 

AVith the exception of tbe lactose-fed groups, growth is roughly pro- 
portional to the amount of riboflavin excreted per week in the feces. 
Similarly, but to a less marked degree, those groups of rats which ex- 
hibited the best growth, produced feces containing the greatest amount 
of riboflavin per gram. About the same amount of fecal riboflavin was 
excreted weekly by the animals receiving the high sucrose, fat-sucrose, 
fat-dextrin, and the cellulose diets. Although the riboflavin content of 
the feces of animals fed the cellulose diets was very low, the largo 
amount of feces voided made the total excretion comparable to that of 
rats fed the high-sucrose diet without cellulose. 

The feeding of the lactose-sucrose diet resulted in the greatest fecal 
production of riboflavin. According to the above correlation made be- 
tween growth and the amount of riboflavin found in the feces, one might 
have expected the growth of the lactose-fed rats to have been corre- 
spondingly above that of the other animals, but this was not the case. 
It is possible, however, that when lactose was fed, the suboptimal ribo- 
flavin intake was not the primary growth-limiting factor. The data of 
Houtwell, Geycr, Elvelijcm and Hart (’4.3) show that on a diet con- 
taining 48% lactose and an abundance of all the known vitamins, rats 
do not grow ns well as when other carbohydrates are employed. When 
lard was substituted for the sucrose and part of the lactose of lactose- 
sucrose ration, K-34, the total fecal riboflavin was greatly reduced. 
Likewise the replacement of a substantial part of the dextrin of ration 
K-32 with lard resulted in a decreased fecal riboflavin output. The rela- 
tively low degree of intestinal synthesis of riboflavin which results 
when the high-sucrose (K-30) and sucrose-cellulose (K-3G) rations are 
fed was not further decreased by the inclusion of high levels of fat in 
these diets. 

With certain exceptions, the total amount of riboflavin excreted in 
the feces is related to the size of the cceum ns measured by the dry 
weight of the cecal contents. The ccca of lactose-fed rats were greatly 
distended and contained whitish material, presumably lactose. The 
feeding of dextrin rations K-30 and 11-39 also resulted in large coca. 
It was in these animals that the greatest synthesis of riboflavin oc- 
curred. On the other hand, the feeding of cornstarch wa.s ro.sponsihlc 
for abundant focal production of riboflavin even though largo coca 
were not found. Conversely, the intestinal synthesis of riboflavin in 
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cellulose-fed rats was not great alttiougli tlie cecal size per 100 gm. of 
tlxese animals was about the same as that of the rats receiving the high- 
dextrin ration. Apparently the amount of riboflavin excreted in the 
feces is as dependent upon the type as upon the quantity of material in 
the cecum. Although somewhat lower in most instances, the riboflavin 
values of the cecal contents are a reflection of those of the feces. 

Effect of a high dietary intake of fat on the deficiency 
symptoms and survival of riboflavin deficient rats 

It has been shown previously (Mannering et ah, ’41) that rats re- 
ceiving a high fat-dextrin diet deficient in riboflavin develop a spastic 
paralysis of the hind quarters, a condition that does not occur xvith 
any marked severity when a high dextrin ration is ted. This same rela- 
tionship of paralysis to fat intake can be shown when sucrose rather 
than dextrin is employed as the source of carbohydrate. 

One group of rats weighing between 65 and 75 gm. received the basal 
high-sucrose ration K-30 and another, the lard-sucrose ration K-31. 
Animals of this size were employed in order to produce a chronic rather 
than the more acute state of deficiency which results when smaller rats 
are used, a higher incidence of spastic paralysis resulting when the de- 
ficiency is prolonged over many weeks. Animals were allowed to con- 
tinue on experiment for 133 days throughout which time no riboflavin 
was administered. The high fat ration was prepared and fed daily to 
prevent rancidity. 

Of six rats fed the high-sucrose diet thz'ee were still alive after 133 
da3’^s. The average survival time was 118 days (83-133 days). Although 
several of these rats showed minor symptoms of spasticity before 
dying, in no instance could the condition be considered severe. None of 
the seven rats fed the lard-sucrose diet survived the 133-day period 
and the average survival time was 81 days (50-126 days). All of these 
rats developed severe paralysis. 

These results were confirmed in a similar experiment. Eight of 
twelve rats fed the high carbohydrate diet survived the 133-day period, 
the average survival time being 113 days (85-133 days), as compared to 
91 days (66-125 days) for twelve animals receiving the high fat diet. 
Again severe spasticity occurred only in rats fed -the high lard ration. 
Three of the rats of each group were given 2 pg. of biotin per day 
(biotin liver concentrate) and three others received 10 mg. of inositol 
per day. Neither of these substances had any influence on survival or 
the deficiency .symptoms. That the e.xtremely emaciated condition of the 
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deficient rats was not responsible for the paralysis was shown by main- 
taining the weights of six rats receiving the high fat diet plus 100 Mg. 
of riboflavin per day equal to the weights of six of the above rats fed 
the same ration -without riboflavin by limiting the food intake of the 
former. Although emaciated; the starved animals receiving abundant 
riboflavin remained outwardly in excellent condition. 

In addition to aggravating the production of spastic paralysis and 
decreasing the survival time the feeding of a high fat diet results in a 
more severe dermatitis and alopecia than is obtained when a high 
sucrose diet is fed. Denuded and incrusted areas are particularly noted 
about the face and limbs. Animats in the advanced stages of the defici- 
ency have been cured by feeding 100 Mg. of riboflavin per day. By the 
end of 2 or 3 weeks the spasticity completely disappears. Large clumps 
of a mixture of hair, skin and ration are pulled off by the rat leaving 
practically the entire surface of the animal bare. Gradually the liair 
grows in and the rat appears normal in all respects except that a few 
soars remain, especially about the face where incrustation is usually 
severe. 

A condition known as “spectacle eye”, characterized by a local 
alopecia immediately surrounding the eyelids of rats, has been related 
to biotin (Nielson and Blvehjem, ’41) and to inositol (Paveek and 
Baum, ’41) deficiency. Chick, Macrae and Worden (’40) have noted a 
similar loss of hair in riboflavin deficient rats. A majority of the ani- 
mals in our experiments developed this peculiar hair loss about the eyes 
which could not be prevented by the daily administration of 2 Mg. of 
biotin or 10 mg. of inositol. These rats were commonly observed in the 
act of rubbing their eyes which probably accounts for the observed 
“spectacle eye”. 

The reddish accumulation of porphyrin on the paws, nose and 
whiskers of riboflavin deficient rats described by Chick et al. ( ’40) was 
observed in all but a small percentage of tbe above animals. The num- 
ber of rats showing cataract was two out of eighteen fed the high carbo- 
hydrate diet and six out of nineteen receiving the high fat ration. 

DISCUSSION 

It is apparent from the foregoing experiments that dextrin and corn- 
starch reduce the dietary riboflavin requirement of the rat and that 
sucrose, cellulose, or fat do not share this property. Dextrin and corn- 
starch probably increase the amount of available riboflavin synthesized 
in the intestine by providing the intestinal microorganisms vith a 
favorable medium for such synthesis, by increasing the number of 
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microoi-ganisms, or by changing the flora to a type capable of produc- 
ing greater quantities of the vitamin. The incomplete digestion of dex- 
trin or cornstarch allows some of the carbohydrate to reach the lower 
regions of the tract where microorganisms are ordinarily found iu 
abundance. Sucrose is more readily dige'sted and absorbed than dex- 
trin or cornstarch and would not be expected to i-each this site of in- 
creased bacterial activity in any great quantity.. This concept is in 
keeping with that suggested by Guerrant et al. ( ’35). Fat and cellulose, 
though capable of reaching the lower tract, are apparently of little 
value in promoting the synthesis of available riboflavin'. In fact, fat may 
inhibit such synthesis. 

The position of lactose in sparing riboflavin is uncertain, allowing 
growth intermediate between that obtained on the sucrose and dextrin 
diets. Morgan, Cook and Davison (’38) have reported that the feeding 
of lactose reduces the riboflavin requirement below that of animals fed 
either sucrose or cornstarch and were able to show that the ceca of lac- 
tose-fed rats contained appreciable amounts of riboflavin. Contrary to 
our observations, their data do not indicate that cornstarch supports 
better growth than does sucrose when the riboflavin intake is limiting. 

Numerous investigators in the past have noted that the feeding of 
vitamin-low ratiorrs corrtaining certain constituents results in greater 
growth than carr be accounted for by the vitamin content of these con- 
stituents, and they have attempted to correlate such unusual growtli 
with air increased vitamin content of the feces or of the material found 
in various sections of the digestive tract. Most of this work has not 
been of a strictly quantitative nature due largely to inadequacy of 
vitamin determination methods and to the inability to properly differ- 
errtiate between the individual components of the B complex. 

The idea has prevailed that a measurement of the vitamins in the 
tract and iir the feces could somehow be used as a relative measure of 
the amount of the vitamin made available to the animal through bac- 
terial synthesis. That such a relationship must necessarily exist is 
untenable on theoretical grounds. It can be successfully argued that 
the vitamin content of the feces or of other intestinal material may 
have little to do with the amount of the vitamin absorbed' by the host. 
For example, the riboflavin may be synthesized in a region of the in- 
testine from which it cannot be absorbed. Selye (’43) has studied the 
absorption of riboflavin from the various sections of the tract, sepa- 
rated by ligatures, using nephrectomized rats. He concludes that in 
the small intestine, riboflavin is both absorbed and excreted, while m 
the cecum and colon, injected riboflavin is rapidly destroyed with little, 



DIET AND MBOFIAVIN SEQDinEMEST 


153 


if DDy, absoTptioii of tlie vitamiu. However, in Ms experiments very 
large concentrntious of riboflavin were employed, and only amounts of 
tbe vitamin that could be detected grossly were considered. lYbetber 
or not minute amounts of riboflavin, such ns are involved under normal 
conditions, can be absorbed from tbe cecum and colon still remains a 
question. That tbe cecum does actually contribute to tbe supply of the 
rat’s B vitamins has been demonstrated in tbe cecectomy studies of 
Taylor, Pennington and Tbaekor (’42). Tbe cecum has been erapba- 
sized as tbe most probable site of bacterial synthesis largely because of 
the abundance of microorganisms found there. However, other sections 
of the tract cannot be ignored in this respect. Porter and Eettger 
(’40) find, contrary to much prevailing opinion, that tbe upper intestine 
of tbe rat contains appreciable numbers of viable bacteria. 

Secondly, tbe vitamin may exist as an integral part of tbe bacteria, 
unavailable to tbe animal. Abdel-Salaam and Leong ( ’38) have demon- 
strated that tbe thiamine synthesized by tbe mixed flora taken from 
tbe ceca of rats and grorni in vitro is contained in tbe bacterial cells 
. rather than in tbe surrounding medium, and Mitchell and Isbell ( ’42) 
find that tbe greater proportion of the vitamins found in the cecal con- 
tents of rats is contained in the bacterial cells. However, it has been 
shown that when bacteria, capable of synthesizing vitamins, including 
those species normally found in the tract, are grown in pure cultures, 
the vitamins synthesized are found largely in tbe medium (Burkholder 
and McVeigh, '42, Thompson, ’42, Rodgers, ’42). The vitamins elabo- 
rated are a result of both bacterial excretion and autolysis. This dif- 
ference between the amount of free vitamin obtainable when mixed 
and when pure cultures were used is understandable if, in tbe mixed 
cultures, bacteria requiring or destroying an external source of the 
vitamin are present as well as those capable of its synthesis, in which 
case, the former would utilize the vitamin released by the latter. Com- 
parable symbiotic relationships may be expected to exist in the cecum 
and other parts of the tract containing a mixed flora. 

Tbe contents of the tract may be considered to be in constant state 
of activity, bacteria constantly dividing, dying, disintegrating, and giv- 
ing up their contents for digestion and absorption. Organisms may be 
excreting vitamins directly into the intestinal media to be absorbed 
with varying degrees of rapidity by either the host or by still other 
bacteria requiring the vitamin. The state of tbe intestinal contents at 
any given instant, then, will be the result of tbe relative rates at which 
the many possible processes proceed. A small quantity of either total 
or available vitamin in the intestinal material or feces’ might be inter- 
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microorganisms, or by changing the flora to a type capable of produc- 
ing greater quantities of tbe vitamin. The incomplete digestion of dex- 
trin or cornstarch allows some of the carbohydrate to reach the lower 
regions of the tract where microorganisms are ordinarily found in 
abundance. Sucrose is more readily dige'sted and absorbed than dex- 
trin or cornstarch and would not be expected to reach this site, of in- 
creased bacterial activity in any great quantity. . This concept is in 
keeping with that suggested by Guerrant et al. ( ’35). Fat and cellulose, 
though capable of reaching the lower tract, are apparently of little 
value in promoting the sjmthesis of available riboflavin’. In fact, fat may 
inhibit such synthesis. 

The position of lactose in sparing riboflavin is uncertain, allowing 
growth intermediate between that obtained on the sucrose and dextrin 
diets. IMorgan, Cook and Davison ( ’38) have reported that the feeding 
of lactose reduces the riboflavin requirement below that of animals fed 
either sucrose or cornstarch and were able to show that the ceca of lac- 
tose-fed rats contained appreciable amounts of riboflavin. Contrary to 
our observations, their data do not indicate that cornstarch supports 
better growth than does sucrose when the riboflavin intake is limiting. 

Numerous iirvestigators in the past have noted that the feeding of 
vitamin-low rations containing certain constituents results in greater 
growth than can be accounted for by the vitamin content of these con- 
stituents, and they have attempted to correlate such unusual growth 
xvith an increased vitamin content of the feces or of the material found 
in various sections of the digestive tract. Most of this work has not 
been of a strictly quantitative nature due largely to inadequacy of 
vitamin determination methods and to the inability to properly differ- 
entiate between the individual components of the B complex. 

The idea has prevailed that a measurement , of the vitamins in the 
tract and in the feces could somehow be used as a relative measure of 


the amount of the vitamin made available to the animal through bac- 
terial symthesis. That such a relationship must necessarily exist is 
untenable on theoretical grounds. It can be successfully argued that 


the vitamin content of the feces or of other intestinal material may 
have little to do with the amount of the vitamin absorbed by the host. 
For example, the riboflavin may be synthesized in a region of the in- 
testine from which it cannot be absorbed. Selye ( ’43) has studied the 


absorption of riboflavin from the various sections of the tract, sepa- 
rated by ligatures, using nephrectomized rats. He concludes that m 
the small intestine, riboflavin is both absorbed and excreted, while m 
the cecum and colon, injected riboflavin is rapidly destroyed vdth htt e, 
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hydrates which decrease the amount of dietary riboflavin needed hy the 
rat for "rowth are also responsible for the greatest quantities of nbo- 
flavin in the feces. However, the fecal excretion of riboflavin j.i- 
greatest when lactose was fed, although the growth-promoting ctrect 

of lactose was not great. . , - 

The relationship between growth, cecal size, intestinal synthesi.s 
and the quantity of riboflavin in the cecum and feces is discn-sc-d. 

The feeding.of high levels of dietary fat to riboflavin deficient rats 
results in a spastic paralysis of the hind quarters, a condition not noted 
with any degree of severity when riboflavin-lbw rations of high carbo- 
hydrate content are employed. Biboflavin deficient rats survive for 
shorter periods of time when fed a high fat ration than when ir..iir.- 
tnined on a high carbohydrate diet. 
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Several papers have appeared recently dealing with riboflavin as 
a factor affecting the efficiency of food utilization in the rat. Sure and 
Dichek (’41) and Sure (’41), employing a paired-feeding technique, 
have shovyu that riboflavin has a pronounced effect on the utilization 
of food for the synthesis of body tissues. It ■was further demonstrated 
that, unlike in a thiamine deficiency, the final collapse of the riboflavin 
deficient rat is not associated vvith any great decrease in food intake. 
Voris, Black, Swift and French (’42), using moderately deficient 
animals, have made similar observations. 

In the paired-feeding studies of the above-mentioned authors, animals 
receiving an adequate diet w'ere limited in their food intakes to -the 
amounts eaten by animals fed the deficient diet. Here the efficiency of 
food utilization was measured by a comparison of the growth of the 
two groups of animals. It is also possible to obtain information regard- 
ing food utilization by means of ad libitum feeding if groups of animals 
are given graded, suboptimal levels of the vitamin in question and the 
amount of gi'owth per calorie of food consumed computed for each 
group. During the course of the experiments described in the preceding 
paper (Mannering, Orsini and Elvehjem, ’44) ■we were able to study 
the effect of riboflavin on food utilization using this latter procedure. 

The composition of the riboflavin-low rations has already been given 
(Mannering et ah, ’44). Three-week-old male albino rats weighing 35 
to 40 gm. were partially depleted of their riboflavin reserves for 2 
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weeks on ration K-24 ])efore being divided into four groups of twelve 
animals receiving rations K-24, K-25, K-26, and K-27 and vaiying 
amounts of riboflavin (0, 3, 6, 9, and 12 ng. per day). These rations differ 
only in the percentage or type of fat present and are calorically equiva- 
lent. Pood consumption records were kept throughout the 7-week supple- 
mentation period. In figTire 1 both the average grams gained per day 
and the average grams gained per 100 Cal. fed have been plotted against 
the number of micrograms of riboflavin fed per day. To conserve space 
the data for all rats receiving a given level of riboflavin were averaged 
together regardless of the type of ration fed. This was justifiable since 
equal numbers of rats were employed at the various riboflavin levels 
for each of the rations. The curves shown are qualitatively similar to 
those obtained when the four groups are considered separately. 

It is seen that as the daily administration of riboflavin is increased, 
less food is necessary for a given increment of growth. The curve 
representing growth is linear within the limits of 0 and 12 pg. of ribo- 
flavin per day and would be expected to level off if greater amounts 
of the vitamin were fed. The conSgnrations of the curves indicate that 
food utilization approaches a maximum at a lower level of riboflavin 
intake than does growth. "When the average grams gained per 100 Cal. 
fed was plotted against the logarithm of the number of micrograms of 
riboflavin fed per day, a straight line was obtained (fig. 1). 

The marked effect of riboflavin in supporting the utilization of food 
for growth cannot be accounted for by a lack of absorption. The feces 
of all rats receiving rations K-24 and K-27 were collected during the 
third and fourth weeks following the depletion period, dried, and 
weighed. The total digestibility of these rations was excellent. Tbe 
average grams of feces obtained per 100 gm. of ration K-24 fed was 
3.1 (1.2-4.8) and of ration K-27, 5.2 (4.0-fi.4). Variations bore no 
relation to the riboflavin intake. 

A second experiment wms devised for the purpose of studying tbc 
effect of riboflavin on the eflSciency of food utilization for maintenance. 
A method of “paired-weighing” "was employed whereby an' animal 
receiving a complete diet was restricted in food intake so that its weigW 
remained equal to that of an ad libitum-fed rat receiving a diet deficient 
in riboflavin. A comparison of the efficiency of food utilization was 
then based on the amount of food necessary to maintain each of the 
animals at the same weight. So little gi'owth occurs in a rat completely 
deprived of riboflavin that food is used almost entirely for maintenance. 

Six male albino rats weighing between 65 and 75 gm. were fed 100 pg- 
of riboflavin per day and just enough of ration K-31 to keep tlieir 
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weights equal to the weights of six similar rats fed the same ration 
ad libitum but receiving no riboflavin. By means of daily weigliings 
and careful allocation of food it was possible to keep pairs of starved 
and deficient rats within 3 gm. of each other. During the eleventh week 
three of the deficient animals died while the remaining three collapsed 
during the fifteenth, sixteenth and seventeenth weeks. All of the starved 
animals remained in apparent good condition throughout tile experiment 


LOG. MICROGRAMS 
RIBOFLAVIN PER DAY 



PER DAY 


Fig. 1 Curves showing effect of progressively higher levels of riboflavin ou growth and food 
utilization of rata during a 7-week period following 2 weeks of depletion on a riboflaviu-low diet. 
Each point represents twelve rats. 


despite extreme emaciation. In figure 2 are shown the growth curves 
and weekly food intakes of both deficient and starved rats for the first 
10 weeks of the experiment. 

After the first week the stan'ed animals required progressivch' less 
food to maintain their weights equal to those of the riboflavin deficient 
rats until by the tenth week the latter were consuming an average of 
1.8 (1.2-2.8) times more of the ration than the former. During the 
entire experimental period of 17 weeks the. avitaminotic rats ingested 
an average of 1.5 (1.3-1.7) times as much food as the starved controls 
The food utilization during the fifth through the eighth weeks is more 
strictly representative of food utilization for maintenance than during 
any other period of the experiment because the animals were neither 
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gaining nor losing weight at this time. Throughout this * 

T' ri>>oflaL 

of 1.6 (1.3-1.9) times the amoBot of food eaten % their control fflate 



Fig. 2 Curves showing 
rc-eeiving a limited intake 


growth and food consumption of riboflavin deficient rats and of rats 
of an adequate diet. Each curve represents six rats. 


Kgnre 3 shows the weekly food consumption per 100 gm. of rat of 
0 h starved and deficient animals. During the first 4 weeks of the 
. penmen le rats deprived of riboflavin consumed progressively 
00 pel 100 gm, of weight and then progressively more as the 
e ciency ecame more severe. The period of increased efficiency of 
ooc n 1 ization occurred while the animals were slowly growing, while 
tile iater decrease in efficiency corresponded to the period when the rats 
"TCre osing weight. The starved animals became continnouslv more 
efficient m their ntilization of food as the period of restricted food 
intaKe was prolonged. 

Eats that are limited in food intake but supplied with sufficient 
n 0 were observed to be much more active than deficient rats. 
Dnless the energy output of the animal is known, it is, of course, im- 
possible to obtain absolute values for the iufluence of riboflavin on 
lood utilization for maintenance. Because the starved animals were 
apparently more active than the vitamin deficient rats, the effect of 
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riboflavin in promoting the utilization of food is probably even greater 
than has been indicated. 

It has been previously mentioned that certain workers have been 
unable to find any appreciable inanition in riboflavin deficiency. Tlie 
following study indicates that moderate inanition does occur in most 
animals suffering from a lack of riboflavin. 



Fig. 3 CviTv«3 siiovring llie gtatns of footl consumed per 100 gm. of tat poi week of starv'^ 
and of riboflavin deficient rats. Each curve represents six rats. 

Male albino rats weighing about 65 gm. were divided into two groups, 
one of which received ration K-30, and the other, ration K-31. No ribo,- 
flavin was fed during the 19-woek experimental period. The series was 
repeated, hut as a separate consideration of either the two series or 
of the animals receiving the different rations did not add to the inform- 
ation gained, the results have been combined. A total of thirty-seven 
rats were employed in this experiment. By the end of the fifth week of 
depletion the rats were consuming an average of 20% less calories than 
they were during the first week of the experiment. On a calculated basis 
of Cal. eaten per 100 gm. of rat, an average decrease of 35% was ob- 
served during the fifth week. The selection of the fifth week for pur- 
poses of comparison was arbitraiy and does not necessarily represent 
the period of lowest food intake. During the nineteenth week, eleven 
surviving animals were consuming an average of 27% less calories 
than they were during the first week, an average decrease of 31% per 
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100 gill, of rat. Considerable variation was noted in tbe degree of 
anorexia, some rats even showing an increased appetite. An example 
of this variation is evident in figure 2, where, by coincidence, the six 
rats used in tbe experiment represented by the graph did not show 
appreciable inanition. 

It was often observed that rats markedly increased their food uitake 
for a period of a few days prior to dying of the deficiency. This has 
also been reported by Sure (’41). The increase in food consumption 
during the last 7 days before death over that of the preceding 7 days 
was calculated and found to average 11%. The average, however, does 
not well represent those animals which showed increases just previous 
to dying in that several of the rats actually decreased their food 
intake. Increases as high as 62% were observed. 

DISCUSSION 

The presented data clearly demonstrate that riboflavin has a profound 
effect on food utilization both for growth and for maintenance. It has 
been further shown that a lack of riboflavin is not associated with 
severe anorexia, the animals consuming considerable quantities of food 
even in the later stages of the deficienc 3 ^ The question arises as to the 
fate of the ingested food, a large proportion of which, although ab- 
sorbed, cannot be accounted for as being utilized for growth or for 
maintenance. The most logical explanation for the poor food economy 
in riboflavin deficiency is that the intermediate products of metabolism 
are probably wasted through incomplete combustion. The role of ribo- 
flavin in the function of enzj^me systems conti’olling cellular respiration 
has been well established (Eh'^ehjem and Wilson, ’40; Potter, ’40; and 
Green, ’41). This view also gains support from the observation of 
Orsiui, Waisraan, and Elvehjem ( ’42) that the respiratory quotient of 
the riboflavin deficient rat is abnormally high. 

SUMMABT 

Eiboflavin play^s an important role in the economy of food utilization 
both for growth and for maintenance. 

Moderate inanition occurs in riboflavin deficiency but is not respon- 
sible for the death of the deficient rat since a relatively high level of 
food consumption is maintained throughout the entire period of 
avitaminosis. The food intake often increases during the last few days 
preceding death. 



FOOD "UTILIZATION AND APPFiTITE 


1G3 


LITERATURE CITED 

ELVEnJEU, C. A., AND P. W. Wilson 1940 Respiratory enzymes. Burgess Publishing Com- 
pany, Minneapolis, pp. 71 and 104. 

Green, D. E. 1941 Enzymes and trace substances. Advances in Enzymology. InrcrBcicnco 
Publisbeis, Ine., New York, vol. 1, p. 177. 

Mannerino, G. J., D. Orbini and C. A. Elvotjem 1944 Effect of the composition of the 
diet on the riboflavin requirement of the rat. J. Nutrition, vol. 28, p. 141. 

Or-bini, D., H. a. Waisman and C. A. Elvehjem 1942 Effect of vitamin deficiencies on 
basal metabolism and respiratory quotient in rats. Proc. See, Exp. Biol, and Med., 
vol. 51, p. 99. 

Potter, V. R. 1940 The mechanism of hydrogen transport in animal tissues. Medicine, vol. 
19, p. 441. 

Sure, B. 1941 Further ohservations on riboflavin ns a food factor in economy of food 
utilization. 3. Nutrition, vol. 22, p. 295. 

Sure, B., and M. Diciiek 1941 Riboflavin ns a factor in economy of food utilization. J. 
Nutrition, vol. 21, p. 453. 

VoRiB, L., A. Black, R. W. Swirr and C. E. French 1942 Thiamine, riboflavin, pyridoxine 
and pantothenate deficiencies as affecting the appetite and growth of the albino 
rat. J. Nutrition, vol. 23, p. 555. 




ADEQUACY OP SIIMPLIFIED DIETS POE THE PIG 

YERKOK F. McUOBERTS AND ALBERT 0. HOGAN * 
Depariment of Animal Swthandry, University of Uissmiri, CotumJjta ' 


ONE nOURE 

(Received for pubBcalloo April 24, 1944) 

The literature on the nutritional requirements of svrine is too 
voluminous for a detailed review but it has been shown that these 
animals require vitamins A (Hughes, Aubcl, and Lienhnrdt, ’28) and 
D (Johnson and Palmer, ’41), thiamine (Wintrobe, Mitchell, and 
Kolb, ’38), riboflavin (Hughes, ’40), pyi-idoxine (Hughes and Squibb, 
’42), pantotheiiio acid (Hughes and Ittner, ’42), and nicotinic acid 
(Chick, Macrae, hlartin and Martin, ’38 a). Hughes and collaborators 
(’42) reported normal growth in swine that did not receive choline 
and according to iVintrobe and coworkers (’42) it is uncertain that 
swine require this substance. 

The first use of simplified diets for studies on the nutritional re- 
quirements of swine, was published by Chick, Macrae, Slartin, and 
Martin (’38 b). Vitamins A and D were supplied in cod liver oil. 
Thiamine, riboflavin, and nicotinic acid were supplied ns crystalline 
compounds. The pigs were 12 weeks of age when the experimental 
period began and they weighed from 51 to 70 lb. Gains in weight were 
normal for a short time but ceased abruptly after 3 or 4 weeks. If 4% 
of dried yeast was incorporated in the diet growth was continuous. 

Wintrobe ( ’39) also was successful in rearing pigs on synthetic diets, 
though the water-soluble vitamins were supplied in dried yeast. It is 
noteworthy that he started the pigs at an earlier age than did the in- 
vestigators previously mentioned. The pigs were from 2 to 23 days 
of age in the beginning, and they were retained until they were ap- 
proximately 8 months old. During the first 3 months they gained 
in weight very slowly, but following that time they began to grow nor- 
mally, Wintrobe, Miller, Pollis, Stein, Mushatt, and Humphreys ( ’42) 
repeated this observation, with minor changes in procedure. The yeast 
feeding was discontinued when the pigs were approximately 12 to 15 
weeks of age, and synthetic vitamins were included in the diet. These 

■ Contlibution from the Missouri Agricultural Experiment Station, journal Scries no. 933. 
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included tbiamine, riboflavin, pyridoxine, pantotbenic acid; nicotinic 
acid, and cboline. The pigs grew fairly well for about 6 months, thougb 
far under tbe normal rate. One Avonld conclude that the diet was not 
entirely adequate. 

Hughes and eoworkers ( ’42) used a basal diet composed of casein 
15, sucrose 81, and salts 4, but tbeir animals grew normally although they 
received no crude vitamin carriers. Vitamins A and D were supplied 
in cod liver oil. Tbe water soluble vitamins included were thiamine, 
riboflavin, pyridoxine, pantotbenic acid, and nicotinic acid. It should 
be noted, however, that tbe animals weighed about 30 lb. Avhen the 
feeding test began and presumably this was shortly after they had 
been weaned. 

EXPERIMENTAL 

The mortality bad been excessively high during preliminary trials, 
in which tbe new-born pigs were removed from tbe sows at birth, 
and it was assumed that tbe failure to receive colostrum was at least 
partly responsible for tbe deaths. Tbe pigs were therefore allowed to 

TABLE 1 


JdiiA'trofit’c basol ration — raticm SOS — used for feeding experiments with pigs. 


I^•GREt)rEUT 


VITAMIK s 

SUrPLRMXSTS 


% 


mff./JOO pm. dill 

Acid washed casein 

30 

Thiamine 

0.8 

Sucrose 

30 

Riboflavin 

1.6 

Com starch 

G 

Pyridoxine 

1.2 

Lard 

30 

Ca-pantothenato 

2.0 

Salt mixture ’ 

5 

Percomorph oil 

50.0 (3000 LR. 




vitamin A, 850 




I. U. vitamin D) 



Nicotinic ncid 

2-4 



Alplm tocopherol 

4 



K. 

2 



Cliolino 

200-300 


' Generously supplied by Merck and Co., Railway, New Jersey. 

"99.2% of the salt mixture 351 of Hubbell, Wakeman and Mendal (’37), 0.75% mangan- 
ous sulfate, 0.05% of zinc sulfate. , 


nurse tbeir dams for tbe first 2 days after birth and were then given 
tbe experimental diets. These were all of tbe simplified type. The 
diet supplied to most of tbe pigs contained tbe four fat-soluble vita- 
mins and six members of the vitamin B complex. A typical example is 


described in table 1. 

Diet 308 was modified at various times but apparently one diet was 
as useful as another. Tbe salt mixture of Hubbell, Wakeman, an 
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Mendel is low in pliospliorus, but the addition of more pbosphonis 
did not improve the diet. Some attention to detail is necessary to 
convert the diet into a liquid that is suitable for very young animals. 
The casein was added to warm water, with enough sodium hydroxide 
(0.75 gm. of the alkali per 30 gm. casein) to dissolve it. The lard 
was melted and incorporated into the casein solution with a mechan- 
ical stirrer. The starch was dissolved in boiling water and it, along 
with the salt mixture, was added to the protein-fat emulsion. The su- 
crose and vitamins were added last, wdth enough water to lower the 
dry matter content to 19%. The entire mixture was then strained, and 
run through a homogenizer under a pressure of 2500 lb. The pigs 
were hand-fed, eight times dail}', from a bottle equipped with a rubber 
nipple. The diet was warmed to about 40°C. at each feeding. The 
pigs were quartered in small pens, on wooden floors, with shavings 
for bedding. It is essential to keep young pigs warm; therefore the 
temperature of the room was kept at approximately 75°F. A few 
pigs were retained past the age when they would normally be weaned, 
and when they weighed 25-30 lb. they were given their rations in dry 
form. Undoubtedly the transfer could be effected much sooner. For 
convenience the results will be presented in two sections. 

Adequacy of diets which contain no water-soluble vitamins 
except the synthetic compounds 

The mortality rate was rather high during the first few days the 
pigs received the experimental diets. In all probability many of the 
deaths were due to the fact that the diet is partially inadequate, but 
in most cases the early deaths were precipitated by failure of the pigs 
to consume the diet. Animals will not consume normal amounts of 
a deficient diet after the deficiency becomes effective. When it first 
became apparent that diet 308 is inadequate the four water-soluble 
vitamins it does not contain were added, singly or in combination. 
The more significant data are summarized in table 2. The essential 
details are brought out more clearly in figure 1. 

The animals shoivn in table 2 are grouped according to tbe number 
of vitamins in the diet, and according to the dates when they were 
under observation. However, a considerable number of the animals in 
group Ila were started without adding one at the same time to group 
Ilh. There were thirty-four animals in all and fifteen of them died, 
though a few of the deaths occurred after the close of the experimen- 
tal period, klost of the others made, slow gains in weight until they, 
were 4 or 5 weeks old. 
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Of the pigs in group la, all under observation at the same time, one 
made practically no gain iii weight and died. Another made moderate 
gains in weight and was normal in appearance, but was dropped from 
the experiment after 25 days to conser^'e food. The third pig gained 
at somewhat, less than the normal rate for 18 weeks when the experi- 
mental feeding was discontinued. The hair and skin were noticeably 
coarse and rough but there were no other signs of malnutrition and 
no reason to suppose the pig would not attain a more or less normal 
maturityL Despite the good record made by this pig it is certain that 
rations such as no. 308 are partially inadequate during the first few. 
days or weeks of a pig’s life. The higher degree- of success attained 

TABLE 2 


Diets which contain no watcr-soUihle vitamins except synthetic compounds one inadequate. 


OROUT* 

ADDtTIOVSTO 

RATIOS* 

XO. OF 
PtOS 

FXPERl- 

Mr.XTAI* 

PERIOD 

INITIAL 

WEIOHT 

AVERAGE 

D.VILY GAIN 




<!ni/A 

w. 

tb. 



1 

12S 

3.7 

0.50 

a 

none 

1 

2.' 

3.1 

0.30 normal 



1 

If) 

3.0 

0.04 

I 






b 

p-amino- 

1 

26 

3.0 

0.35 


benzoic acid 

4 

12-20 

3.0 

0.19' 

a 

none 

1 

8f) 

■4.0 

0.18 



20 

10-6S 

3.0 

o 

o 

11 






b 

ascorbic acid, 
biotin, in- 

5 

3-n 

2.7 

0.09 


ositol, p-amino- 
beiizoio acid 






by Hughes ( ’40) is probably due to the fact that he began with pigs 
which w^ere much older and which had intestinal flora of a different 
type, and the intestinal bacteria were able to synthesize the unrecog- 
nized vitamins required by swine. 

A preliminary trial had given some indication that p-aminobenzoic 
acid would improve ration 308, and for that reason it was investigated 
more intensively. Subsequent studies indicated that the ration was 
not improved by including this compound (Ib). .Later on the other 
available vitamins, or substances reported to be vitamins, were in- 
cluded. The amounts added in mg. per 100 gm. of diet w'ere, respec- 
tively, ascorbic acid 30, inositol 30, p-aminobenzoic acid 30, and biotin 
0.03. 
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Five pigs received ration 308 pins these four substances, but there 
■was no evidence that the added vitamins improved the diet in any 
respect. Other pigs, -which ^vill not he described, received one, two, 
or three of these vitamins, in addition to ration 308, but as -would be 
expected the results were no better than -when all four were supplied 
together. It was concluded that the pig either does not require any of 
these four vitamins, or else an unrecognized vitamin was the first 
limiting factor. 



Fig. 1 As a rule pigs gren? slowly or fail on ration 305, indicated by an unbroicen line. 
Pig 79 is an exception. Pigs grow normally if diet 308 is fortified with liver or yeast 
extracts (pigs S, 210, and 11), A short trial indicated that the active agent of liver extract 
can be adsorbed on fulIer^s earth and elated (pig 17). Ration 308 is not improved by the 
addition of ascorbic acid, inositol, or p-aminobenzolc acid (pigs 2, 76, 78), 

As was mentioned before it has been shown that vitamins A and D, 
and thiamine, riboflavin, pyridoxine, pantothenic acid, and nicotinic 
acid are required by swine. Decisive data on the requirement of this 
animal for choline and vitamins E and K are not available, and an at- 
tempt was made to determine whether these vitamins are required hv 
the pig. The experimental diet was the same as ration 308 except it did 
not contain these three vitamins. Since the results were negative the 
data will not be reported in detail. It is sufficient to say that the pigs 
made very slight gains in weight hut they gained as rapidly as did 
the controls, and there were no specific symptoms of any deficiency. 
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The data do not indicate that the pig requires any of these three vita- 
mins. ' This interpretation is well supported since satisfactory ra- 
tions which contain no vitamin E, vitamin K, or choline were described 
by Hughes and Ittner (’42). Wintrobe and coworkers (’42) reared 
normal pigs on rations which presumably contained neither vitamin E 
nor vitamin IC. 

The characteristic symptoms of pigs fed the basal diet, ration 308, 
are as follows. All pigs developed rather severe diarrhoea within 24 
hours after they were placed on experiment, and some of them never 
recovered from this , disorder. How^ever, after about a week, most of 
the surviving animals did recover and a few grew fairly well for as 
long as 2 to 5 weeks. Following this time their feed consumption was 
irregular, the diarrhoea returned, they became rough and unthrifty, 
and the rate of growth declined. Some of the pigs developed a sticky, 
dirty exudate around the eyes and mouth and on the inside of their 
legs. If the diet was not changed the symptoms became more and 
more severe, and the pigs eventually died. Post mortem examination 
failed to disclose any characteristic abnormalities. The liver and kid- 
neys of all the pigs fed ration 308 appeared to be normal. Pneumonia 
was the immediate cause of death in a few of the pigs that died within 
the first 3 or 4 weeks after they were placed on experiment. Perito-, 
nitis was the immediate cause of death of some of the pigs which sur- 
vived for 1 or 2 months. Necrotic and inflamed areas were found in 
the intestinal tract of a few animals. 

Adequacy of diets which contain crude vitamin carriers as 
sources of the unrecognized vitamins required hy swine 

After some of the pigs on ration 308, or one of its modifications, 
had begun to decline and it seemed certain that these animals require 
a factor or factors in addition to the vitamins now recognized, a va- 
riety of crude vitamin carrier's was added to the diet. This was done 
to show^ that the failures were not due to disease and that the pigs 
would grow if the ration was adequate. Furthermore it vvould be 
helpful in future work to have data concerning crude vitamin carriers 
that are good sources of the missing factor or factors. The effective- 
ness of these crude preparations was usually tested by the curative 
method, but in a few cases they were supplied from the beginning. 
Extracts of yeast and liver were used most extensively, and they are 
described below. 

A. An aqueous extract of brewer’s yeast concentrated to contain 
50% dry matter and centrifuged to remove suspended solids. 
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B. An Aqueous extract of beef livcv concentrated to a low volume 
and treated with an equal volume of 95 fo ethanol. The filtrate 
was concentrated to a syrup (O’Dell and Hogan, ’43). 

C. An aqueous extract of fresh pork liver coiieontrated to yield 
a dry matter contcirt of 30-50%. 

D. An alcoholic extract of beef liver, similar to fraction 4303 of 
Hogan, Richardson, Patrick, and Kempster { ’41). 

E. An aqueous extract of beef liver, similar to fraction 4080 of 
Hogan, Richardson, Patrick, and Kempster (’41). 

'p. An aqueous extract of beef liver adsorbed with fuller’s earth at 
pH 1, and the adsorbate eluted with 0.2 N ammonium hydroxide. Thi^ 
preparation is the fuller’s earth eluatc of Richardson, Hogan, and 
Karrasch (’42). 

Whenever an extract was included in a ration it replaced sucrose. 
All replacements and calculations are based on dry weight. The data 
obtained with these extracts are shown in table 3. Each record is for 
an individual animal. 

It will be observed in table 3 that the yeast extract. A, was moder- 
ately effective in increasing the growth rate of pigs which had devel- 
oped symptoms of malnutrition while consuming ration SOS or some 
ineffective modification. The response of the pigs which received liver 
extracts gave the impression that these preparations were more potent 
than was the yeast extract. However, when pigs consumed either one 
the diarrhoea disappeared, the food intake and rate of growth in- 
creased, and there was marked improvement in appearance. The ac- 
tivity of fraction P, the elnate of a fuller’s earth adsorbate of liver 
extract, is worthy of special mention. Since the supply was limited it 
was supplied for 9 days only, but after it was included in the diet 
the rate of gain immediately increased. The change in the appearance 
of the pig was far more striking than the change in weight. It was 
a sick animal before the change was made hut 9 days later the pig was 
apparently normal. Two weeks after the feeding of the elnate was 
discontinued, however, it had a poor appetite, had developed severe 
diarrhoea, and was becoming emaciated. It recovered again, and began 
to grow normally on being transferred to a diet of milk. Three pigs 
received the combination of extracts D and E from the time they 
were 2 days old. They grew as well, and were as normal in appearance 
as were the control pigs which received fortified cow’s milk. The 
results with liver extracts provide additional evidence that young pigs 
require an unidentified nutritional factor. Some additional details, 
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and a normal growth curve (Ittner and Hughes, 38), are shown in 
figure 1. 

It seems worthy of mention that cow’s milk, at least some samples, 
is slightly deficient for the pig during the first few weeks of life. 
The symptoms noted were weakness in the hind legs, an exudate 
around the eyes, a rash on the flanks, and a rough hair coat. How- 
ever, the pigs regained a normal appearance by the time they were 8 
weeks old, and were as heavy as their litter mates that had been 
nursed by their mothers. 

TABLE 3 


Extracts of yeast and liver as sources of unrecognircS •uifaniiiis required iy the pig. 



EXTRACT AMOUNT 

IN 

Type PIET 

EXPERT* 

MENTAI* 

PERIOP 

iNlTIAIi 

DAIt/Y OATK 
BEFORE AKD 
AFTEE EXTRACT 
WAS svppimf 

Before After 

Arc 

WeiBht 



% 

daifB 

dajfs 

w. 

n. 

lb. 



1 5 

20 

31 

4.9 

0.06 

0.32 

A; 

brewers’ yeast, aqneous ■ 

i 5 

36 

54 

8.7 

0.12 

0.26 

B: 

beef liver, aqueous treated with 95% 








ethanol ; filtered ; filtrate used 

. 5 

21 

106 

37.9 

6.15 

0,62 

C: 

pork liver, aqueous ; cone, to give 30- ' 

1 5 

20 

Cl 

10,3 

0.11 

0.32 


50% dry matter i 

i 0 

20 

40 

7.7 

0.12 

0.4i 

D: 

beef liver, alcoholic extract similar 








to fraction 4303 (Hogan et nl., ’41) . . . 

. 5 

35 

21 

4.3 

0.06 

0.24 

D: 



54 

0 

3.2 


0.53 

E: 

beef liver, aqueous extract similar 

30 

f) 

2.7 


0.31 


to fraction 4080 (Hog.an 








et al., ’41) 

^ 5 

30 

0 

2.5 

... 

0.32 

F: 

beef liver, aqueous, fuller’s earth 








adsorbate eluted with 0.2 N am- 








monium hydroxide; same as ful- 








ler’s earth elnate of Richardson 








et al., ’42 

. 1 

9 

33 

6.0 

0,15 

■ 0.30 




51 

5 

2.3 


0.56 

Bntire diet fortified * co’w milk ' 

1 

51 

5 

2.5 


0,47 


^ One liter vrliole milk -f 50 gm. whole milk powder, 50 mg. iron -i- 4 
mg. mang.mese -f 1.5 mg. iodine. 


mg. copper -t 5 


DISCUSSION 

The nutritional requirements of swine are of great practical im- 
portance, but our chief interest at present is in comparing these le- 
quirements with those of other species. In this respect animals 
for the present be divided into hvo groups. (1) The mouse,, rat, aa 
hamster grow normally on diets ivhich contain no water-soluble - 
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nmiiis except those now recognized. (2) Tlic guinea pig, rahbit, chick, 
and pig do not grow normally unless their diets include one^ or more 
unrecognized vitamins. In the absence of precise information, it is 
safer to assume, when estimathig the adequacy of a diet, that man be- 
longs in this second group. There are excellent reasons for believ- 
ing that these animals do not all require the same unrecognized vita- 
mins, but it is of practical interest that some of the more effective 
vitamin carriers contain all unrecognized vitamins of which wo have 
any knowledge. For example they are all prc.scnt in a water extract of 
fresh liver. 

SUMMARY 

1. Pigs seldom grow normally, and few survive, if they are trans- 
ferred at 2 days of age to simplified diets that contain no water-soluble 
vitamins except those now recognized. Occasionally, however, a pig 
will grow fairly well on such a diet. 

2. No evidence was obtained that the pig requires vitamin E, vit- 
amin K, choline, biotin, inositol, or p-aminobenzoic acid, but it may 
be impossible to roach a final decision in this matter until all essential 
unrecognized vitamins are available and have been tested. 

3. 'Water extracts of liver or yeast contain all unrecognized vita- 
mins required by the pig. 
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(Received for pubUcation April 14, 1944) 

Bauernfeind, Sebumaclier, Hodson, Norris and Hen' 
sented evidence of a new chick growth factor which thr 
he identical with any of the known vitamins. Schumach; 

Norris (’40) showed that the new growth factor of Be 
associates ( ’38) was a complex consisting of at least tx 
which they designated factor E and factor S. Becord an' 
presented evidence indicating that one of the factors < 
and associates ( ’40) might be choline. 

In further studies on factors K and S of Schumache 
Norris (’40), evidence has been obtained which confirm 
of t(je8e factors and shows that neither one of them is 
choline, folic acid or vitamin B,. If folic acid, tlie I-act 
factor, and vitamin B^ are the same substance, ns the rs 
Piifiner and associates ( ’43), Stockstad ( ’43) and Mifche! 

( ’44) indicate, a second chick antianemic factor, distinr 
B and S, has been revealed. The results of these studies 
in this report. 

EXPERIMENTAL 

Preparation of factor R and 8 concentraf 

Strain S dried brewers ’ yeast ” was used in the prep 
centrates of factors K and S. Three methods of extract 
employed. (1) Water extracts were prepared by Jieat 
suspension of 5 kilograms of yeast in 25 liters of water t 
1 hour with constant stirring. The insoluble residue w 
filtration and reextracted under the same conditions. (2 
of yeast were prepared by the same procedure using O.i 
acid extraction mixture was adjusted to pH 6.5 with 40/; 
each filtration. (3) Digestion extracts were prepared b 

‘ * Present address, Research Laboratories, Western Condensing Companr ; 

* Anheuser-Busch, St. Louis, Missouri. 
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yeast witli takadiastase.® One kilogram of yeast Avas suspended hi 10 
liters of Avater, 10 gm. of takadiastase Avere added and the pH Avas ad- 
justed to 4.5 AAuth acetic acid. The mixture AA^as incubated for 24 hours 
at 37°C. under benzene, brought to pH 6.5 Avith NaOH, steamed for 30 
minutes, cooled and filtered. The insoluble residue Avas AA'ashed by re- 
suspension in 10 liters of AAmter and filtered. 

The combined filtrates from each extraction of. yeast vrere concen- 
trated under reduced pressure (40-50 mm. Hg). The syrup Avas brought 
to pH 1.6 by addition of concentrated HCl and the volume aa'us adjusted 
so that 1 ml. was equivalent to 2 gm. of original yeast. To the acidified 
concentrate 10 volumes of 95% ethanol Avere added sloAAdy Avfith constant 
stirring. Stirring Avas continued for 30 minutes and the mixture Avas 
allowed to stand overnight. The precipitate containing factor S (frac- 
tion 1), AAdiich formed in the acid-alcohol mixture, Avas removed by filtra- 
tion. The acid-alcohol filtrate AA'as brought to pH 7.0 by addition of 40% 
NaOH Asfith constant stirring. The neutral alcohol mixture was alloAved 
to stand overnight and the precipitate containing factor R (fraction 2) 
which formed Avas removed by filtration. The neutral alcohol filtrate 
(fraction 3) containing folic acid but free of factor R and factor S as 
determined by groAvth studies, was concentrated under reduced pressure 
to a small Amlume in preparation for feeding. ' 

Experiments with simplified diet 543 

A modification of diet 540 of Schumacher, Henser and Norris (’40) 
was used in these studies. The composition of this diet, designated 
simplified diet 543, is given in table 1. The average choline content of 
tfiis diet was found to be 0.08%. With the added choline it contained 

0. 18% choline. The extra choline was made necessary by the discovery 
of Record and Bethke ( ’42) and by observations made at this labora- 
tory that diet 540 Avas deficient in this factor. The results of experi- 
ments conducted at this laboratory * shoAved that the addition of 0.2% 
choline to diet 543 Avas no more effective than 0.1% in promoting groAvtli 
and preventing perosis in chicks. Hegsted, Mills, Elvehjem and Had 
( ’41) have reported that the choline requirement of the chick is approxi- 
mately 0.1%. 

Three experiments were conducted to determine the growth activity 
of the fractions prepared from the different yeast extracts. Fractions 

1, 2 and 3 were each fed at lexmls equivalent to 5, 10 and 15% of yeas , 


* Parke, Da^s and Company, Detroit, Michigan. 
^ Unpublished results. 



ONiDESTirrED virASHjrs and the chick 


177 


and in all possible combinations at levels equivalent to 10% of yeast. 
All lots of each experiment contained fifteen llTiite Legborn chicks of 
mixed sex. The summarized results are presented in table 2. The mor- 
tality in these experiments was not excessive and was somewhat lower 
with yeast and fraction 2. 


TABI.E 1 


CornposUinti of d{rt«. 


IKQBEDIBNT 

DlKT 543 

niET C53 


ppi 

fjm. 

Degcrminated yellow corn meal 

GG.C5 


Corn starch 


51,7 

Purified casein 

10.00 

27.5 

Peanut oil meal 

15.00 


Gelatin 


7.5 

Salt mixture 

5.00' 

5.0* 

Soybean oil 

3.00 

4.5* 

Cellophane 


3.0 

Piah liver oil 

0.25* 

0.5* 

Cliolise chloride 

0.10 

0.2 

Inositol 


O.l 


*ni7 

mff. 

p-Amiuoben*oic acid 


10.0 

Nicotinic acid 


3.0 

Calcium d'pantothcnate 

0.7 

1.63 

2'MethyM, 4-naphthoquinoiio 


1.0 ■ 

Hiboflavin 

0.5 

1.0 

fl-Tocopherol 


1.0 

Pyridoxine hydrochloride 

0.5 

0.5 

Thiamin chloride 

0.3 

0.5 

Biotin 


0.01 


* Described by Schumacher and Kooaer (’40). 


*Bone meal — 2270 gm., K^HPO* — 840 gm„ pulverized limestone — 700 gm,> NaCl— -600 
gm,, MgSO ■ 7H.O— 500 gm., Pe.(SO,). • XH.O — 55 gm., MnSO, • «I,0 — 29 gm., KI — 
.15 gm., CuSO, • 5H,0 — 1.5 gm., Ztia, — 1,0 gm., CoCl, • GH,0 — 0.2 gm. 

• Phosphoric acid added to the extent of 0.2% of sorlman oil as .in antioxid-int. 

' Contained 400 A.O.A.C. units of vitamin D and 2000 U.S.P. units of vitamin A per gr.im. 

The significance of the differences in growth response between the 
various treatments and between the three experiments was ascertained 
by means of analy.si8 of variance (Snedecor, ’34). No significant growth 
differences between the three experiments were found. This demon- 
strated that the methods of yeast extraction did not influence the distri- 
bution of growth activity in the various fractions, and that the data 
from the three experiments could be combined. 
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,Tbe results showed that fraction 1 promoted a growth response 
significantly greater than that of the nnsnpplemented control 
(odds >88:1), and that growth was not improved by increasing the 
amount fed. This gro\\dh-response plateau, significantly less than the 
response to yeast (odds >99: 1), demonstrated that fraction 1 contains 
a growth factor (or factors) required by the chick, hut is lacking in at 

tTABLE 2 

Growth promoting cfcci of gcaet fractions when added to simplified diet SH! 


Experimrats 1, 2 flwl 3. 



AVERAGE roue 
A«T> ADDED 

CRICKS 

4 ^VEEK^5 

AVifiAOS 

TTEIOET 

4 


cm. 


0m. 

None 

0.00 

40 

169 

fraction 1 0 5% yeast 

1.68 

41 

202 

Pruetion 1 0 10% yeast 

3.36 

40 

208 

Fraction 1015% yeast 

5.04 

39 

• 209 

Fraction 20 5% yeast 

4.28 

.39 

232 

Fraction 2010% yeast 

8.56 

41 

248 

Fraction 2 0 15% yeast 

12.84 

45 

257 

Fraction 3 0 5% yeast 

3.07 

34 

m 

Fraction 3 010% yeast 

7.94 

38 

170 

Fraction 30157® yeast 

11.91 

40 

170 

Fractions 1 -i- 2Ol0% yeast 

11.93 

44 

263 

Fractions 2-}- 3 0 10% yeast 

17.17 

43 

265 

Fractions 1 -f 3 0 107c yeast 

11.97 

35 ■ 

199 

Fractions 1-5-2-1-3 0 10% yeast 

20.53 

42 

■262 

Yeast* 

45.20 

45 

268 


’ Diet coutateeii 26.7 uc. folic acid per 100 cm. 

’ Mean of male and female averace xreieMa. 

’ Ten per cent yeast nsed in treo experiments. Eight per cent equal in growth-promotiag eteA 
to 10%, used in third experiment. 


least one additional growth factor. These results agreed with those ob- 
tained hy Schumacher, ileuser and Norris ( ’40) using a similar acid- 
alcohol precipitate fraction designated factor S. Therefore, fraction 1 
contains the factor S of those workers. 

Fraction 2 promoted a growth response significantly greater than 
that of fraction 1 (odds>99:l). As the amount of fraction 2 was in- 
creased, the growth response gradually increased until it approximated 
that promoted hy yeast. Since fraction 1 supported only a suhmaximal 
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growtli-Tesponse pluteau, fraction 2 contained at least two factors be- 
cause it was approximately equivalent to yeast in growtb-promoting 
effect. These results differed from those obtained by Scbumacbcr, 
Heuser and Norris (’40) since they obtained a subniaximal growth- 
response plateau by feeding graded amounts of a neutral-alcohol pre- 
cipitate prepared in a manner similar to fraction 2. This second factor 
they designated factor R. Therefore, fraction 2 contained factor R of 
Schumacher and associates ( ’40), but was contaminated with a small 
amount of factor S. Fraction 3, the alcohol-filtrate fraction, did^iot 
promote any significant growth response alone or in combination with 
any of the other fractions. In spite of the difference in growth response 
with factor R preparations, these experiments confirm the work of 
Schumacher and associates ( ’40) showing that at least two unidentified 
growth factors, factors R and S, are required by the diick. 

In other work ■* with diet 543 factor R was freed of factor S by treat- 
ment of fraction 2 with Darco G-60. The adsorbed factor B, when 
graded levels were fed, was then found to give a submaximal growth- 
response plateau the same as in the work reported by Schumacher, 
Henser and Norris (’40). Moreover, the filtrate remaining after treat- 
ment with charcoal was found to have a growth-promoting effect when 
fed at a level equivalent to 10% yeast but failed to supplement fraction 
1 when supplied at the same level. Later with a purified diet it was 
found that fraction 2 is sometimes free of factor S before treatment 
with activated charcoal. 

The folic acid content of the yeast fractious presented in table 2 was 
determined by the method of Mitchell and Snell (’41) using Strepto- 
coccus lactis B. The primal^ standard for the determinations was a 
partially purified folic acid preparation obtained from Dr. R. J.' IVil- 
liams of the University of Texas. It was stated to be 7.7% as pure as 
the material reported by Mitchell and Snell (’41). The standard for 
routine assays was a sample of liver fraction “B”,' which was stand- 
ardized against the folic acid concentrate. The samples were prepared 
for assay by a method similar to that of Cheldelin, Eppright, Snell and 
Quirard (’42). 

The folic acid assay procedure of Mitchell and Snell (’41) was con- 
sidered to give accurate results only in assays in which the folic acid 
concentrate and liver fraction “B” produced superimposable growth- 
response curves, and only when mixtures of these two materials pro- 
moted the same growth response as an equivalent amount of folic acid 

* Unpublislied reralta. 

* The WUbotx Laboratories, Chicago, HHnois. 
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demonstrated that simplified diet 543 nscd in these studies was not 
lacking in any antianemic factor, and that neither factor R or^ S is 
identical with vitamin B, unless more of it is required for maximum 
growth than for the prevention of anemia. 

Experiments with purified diet G53 

In order to investigate the properties of factors R and S under more 
rigorous conditions, studies wore conducted using purified diet 653. 
The composition of the diet is given in table 1. The inclusion of either 
cystine or calcium gluconate in the diet has been found not to improve 
chick growth at this laboratory.® Nutritional encephaloinnlacin, how- 
ever, was obtained when calcium gluconate was not used. Further 
difficulty of this character was prevented by adding 0.2% of ortho- 
phosphoric acid to the soybean oil in the diet. AVlienevcr this diet ivas 
fed alone, growth failure, severe anemia and extreme mortality oc- 
curred. 

The yeast fractions wore prepared from water extracts of yeast in 
accordance with the procedure described previously. An adsorbate of 
fraction 2 (fraction 2-A) was fed in these experiments, ns well as frac- 
tion 1 and fraction 2. A quantity of fraction 2 equivalent to 1 kilogram 
of yeast was dissolved in 1 liter of water and digested at pH 4.6 with 
2 gm. of takadiastase for 24 hours at room temperature. The mixture 
was brought to pH 7.0 with NaOH and steamed 30 minutes in an auto- 
clave. Upon cooling a flocoulent white precipitate formed. This was 
removed by filtration, dissolved in worm 5% sulfuric acid and reprccipi- 
tated with excess ammonia. The filtrate from this precipitation was 
combined with the original filtrate and brought to pH 3.0 with sulfuric 
acid. Five gm. of heat-activated Darco G-60 were added to this mixture. 
It was then stirred for 30 minutes and filtered. 

In the first experiment fraction 2 was fed as a supplement to diet 653 
at levels equivalent to 5, 10 and 15% of yeast. Fraction 2-A was also 
fed at these levels. Each lot contained fifteen UTiite Leghorn male 
chicks. The results are given in table 3, experiment 4. 

The results showed that growdli-response plateaus were obtained 
with levels of fraction 2 and fraction 2-A equivalent to 10% yeast. In 
both instances the plateaus were significantly lower than the "Toivth- 
response obtained with yeast. Therefore fraction 2 and fraction 2-A 
contained a factor (factor R) required for growth and lacked another 
factor required along with factor R for maximum growth. 

• Ree footnote 4, p. 176. 



182 


F. W. HIlXi AND OTHEBS 


table 3 

Growth promoting efcct of yeast fractions when added to purified diet 05s} 


filirrLEMENT 

rovic 

ACIB 

ADDED 

CHICKS 

4 WEEKS 

AVERAGE 

WEIGHT 

4 WEEKS 

NtJMRER 

CHICKS 

6 WEEKS 

AVERAGE 
WEIGHT 
fi WEEKS 

BWJOTl 
. HESfO- 
OWIBIS 

5 ^yESES 

None 

PB./lOO pm. 

Experiment 4 
0.0 3 

{jm. 

92 

0 

pm. 

m./m i»i. 

4.3 (7)' 

Fraction 20 5% yeast 

5.0 

13 

173 

11 

245 

7.2 (11) 

Fraction 2010% yeast 

10.0 

15 

248 

15 

440 

8.9 (15) 

Fraction 2015% yeast 

15.0 

15 

243 

13 

434 

9.6 (13) 

Fraction 2'AhCr 5% yeast 

5.0 

13 

139 

7 

200 

5.4 (8) 

Fraction 2-A 0 10% yeast 

10.0 

13 

241 

12 

' 424 

7.9 (12) 

Fraction 2-A 015% yeast 

15,0 

14 

252 

14 

■ 438 

9.2 (U) 

10% yeast 

48.4 

15 

312 

14 

548 

9.9 (15) 

None 

Esperiment 5 
0.0 7 

112 

1 

ISO 

■ 3.5 (3J 

Fraction lO 5% yeast 

4.6 

9 

137 

4 

214 

5.5 (5) 

Fraction 1010% yeast 

9.2 

12 

174 

9 

245 

5.1 (11) 

Fraction 1 0 15% yeast 

13.8 

14 

199 

13 

261 

6.5 (13) 

Fraction 2015% yeast 

15.0 

15 

206 

15 

379 

9.0 (15) 

Fraction 1 -f fraction 

2010% yeast 

50,2 

15 

244 

13 

491 

9.8 (13) 

Fraction 2-A O 15% yeast 

15.0 

14 

214 

' 14 

361 

6.8' (14) 

Fraction 2-A + fraction 

1 0 10% yeast 

19.2 

14 

255 

14 " 

493 

9.0 (14) 

Fraction 3 0 10% yeast * 

7.7 

4 

100 

0 

... 

4.8 (2) 

10% yeast 

48.4 

15 

279 

14 

488 

9.2 (14) 

None 

Experiment 6 * 
0.0 8 

111 ' 

1 

130 

4.6 (3) 

Fraction 2: A O 10% yeast 

5.0 

10 

173 

9 

276 

9.5 (9) 

Fraction 3-AO10% yeast* 

6.5 

6 

108 

0 


4.7 (2) 


‘ Diet 653 contained 8.9 ng. folic acid per 100 gm. 

• Hemoglobin at 26 days. Figure in parentheses indicates number of cbichs. 

’ Dareo adsorbate prepared from fraction 2. 

• Also contained fraction 1-F, fraction 1 freed of folic acid and the antiancmic factor by 
treatment ■with Darco. 

‘ Each lot contained 10 Wliite Leghorn male chicks at start. Cliicks fed a modification of die 
653, containing glucose in place of corn starch, somewhat less casein and gelatin, and O.avc 
cystine. The modified diet contained 7.8 pg. folic acid per 100 gm. 

• Darco adsorbate prepared from fraction 3. 
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A further study was conducted to detcrmino the supplementary ac- 
tion of factor S present in fraction 1, and factor E present in fractions 
2 and 2-A when included in purified diet 653. Fraction 1 was fed at 
levels equivalent to 5, 10 and 15% of yeast. The same preparations of 
fractions 2 and 2-A, used in experiment 4, were fed at levels equivalent 
to 15% of yeast, in order to establish the maximum growth-responses 
of the chicks used in this experiment to these materials. Fractions 2 
and 2-A were also fed in combination with fraction 1 at levels equivalent 
to 10% of yeast. Each lot contained fifteen IVhite Leghorn male chicks. 
The results are given in table 3, experiment 5, 

The results showed that fraction 1 produced a growth response which 
tended to give a plateau at a subraaximal level as in previous work. 
Fractions 2 and 2-A promoted snbmaximal growth which, in view of 
the results of experiment 4, represented the maximum responses to 
these matei'ials. The combination of fraction 1 with fraction 2 or 
fraction 2-A promoted maximum growth equal to that promoted by 
yeast. The plateau and supplementary effects obtained in this experi- 
ment and the preceding one showed that fraction 1 contains a factor 
{factor S) which is not identical with factor E present in fraction 2. 

The results of the experiments with purified diet 653 confirm the re- 
sults obtained wth simplified diet 543 and demonstrate the existence of 
two unknown factors, designated factors E and S, which are required 
for chick growth. Neither one of these factors is choline, since purified 
diet 653 was adequately supplemented with choline. Also neither one 
is identical with folic acid since both fraction 1 and fraction 2 promoted 
suhmaxhnal growth-response plateaus upon feeding graded levels in 
spite of the presence in them of approximately the same quantities of 
folio acid. If one of the factors had been folic acid, a submaximal 
plateau would have been revealed in one instance only. 

In these experiments both fraction 1 and fraction 2 were found to 
possess antianemic properties. Fraction 1, however, was much less 
elfeotive in preventing anemia than fraction 2 in spite of the fact that it 
contained almost as much folio acid as this fraction. The addition of 
13.8 Mg. of folic acid per 100 gm. of diet 653 by means of fraction 1 
maintained a hcmoglohin level of only 6.5 gm, per 100 ml, of blood as 
compared to a level of 8.9 gm. per 100 ml. maintained by the addition 
of 10 Mg. of folic acid by means of fraction 2. Fraction 1, therefore, is 
deficient in an antianemic factor present in fraction 2, and this anti- 
auemic factor is not folic acid. The somewhat higher hemoglobin level 
maintained by fraction 1 as compared to the unsnpplemented purified 
diet probably was due, in part at least, to contamination of factor S 
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with this antianemic factor, since preliminary results showed that Darco 
treated fraction 1 alone possessed no antianemic properties. It was not 
entirely due to folic acid since in experiment 5 the addition of fraction 
3, which contains folic acid but no factor R or S, to the purified diet 
failed to increase the hemoglobin level. The same results were obtained 
in experiment -6 with fraction 3-A, the adsorbate of fraction 3. On the 
other hand, fraction 2-A, the adsorbate of fraction 2, which contained 
less folic acid in this experiment than fraction 3-A promoted normal 
hemoglobin formation. 

The fraction 2 and fraction 2-A, used in experiments 4 and 5, were 
somewhat more effective in promoting growth than in preventing 
anemia. Both fractions at levels equivalent to 10% yeast promoted 
growth as great as that obtained at the 157o levels but the 157o levels 
of these fractions were better than the 10% levels in preventing anemia. 
Furthermore, in both experiments the adsorbate of fraction 2 appeared 
somewhat less effective in promoting hemoglobin formation than frac- 
tion 2 but no evidence was obtained of an accompanying reduction in 
growth promoting effect. This decrease in antianemic effect was par- 
ticularly striking in experiment 5 where chicks of somewhat lower in- 
herent gro'wth capacity were used. At times, however, these differences 
were not observed, as in experiment 6, when the yeast extract used in 
preparing the fraction was richer in the antianemic factor than that 
from which the fractions studied in experiments 4 and 5 were prepared. 
In spite of this the results of the experimental work with purified diet 
653 indicate that the antianemic factor is not identical with factor E, 
and that it is either somewhat less readily adsorbed by activated char- 
coal or less readily eluted by the chick than the growth factor. It is 
evident also that the antianemic factor is not identical with factor S. 

These conclusions are strengthened by comparing the results ob- 
tained with purified diet 653 with those obtained wdth simplified diet 
543. The latter diet was found to be deficient in factors E and S but 
not in the antianemic factor or folic acid. Purified diet 653, on the 
other hand, was found to be lacking in factors E and S and the anti- 
anemic factor. It also may be deficient in folic acid. With sirapMea 
diet 543 both factor B and factor S were shown not to be identical wit 
the antianemic factor unless more of these factors are required for 
maximum growth under the experimental conditions than for the pre- 
vention of anemia. This is impossible since the work ivith purified die 
653 demonstrated that the antianemic factor accompanies factor E oi 
the most part and that in some instances more of fraction 2 and fiac 
tion 2-A which contain factor B was required to prevent anemia un er 
the experimental conditions than to promote maximum groivth. 



UNIDENTIFIED VITAMINS AND THE CHICK 


185 


DISCUSSION 

According to tlio work of Mitckell, Snell and Williams (’41), Hiitcli- 
ings, Bolionos and Peterson (’41), Stokstad (’43), and klitcliell and 
Williams (’44), folic acid and the Lactobacillus casei factor appear to 
be identical. The work of Pfiffner and associates (’43) and Stokstad 
(’43) provides evidence that the Lactobacillus casei factor and vita- 
min Bo are also identical. If those factors are the same, the antianemic 
factor encountered in the experiments reported in this paper is a new 
factor, differing from the substance variously designated folio acid, 
Lactobacillus casei factor and vitamin B,. 

The work conducted vdth purified diet 653, however, docs not pre- 
clude the possibility that folic acid is a factor required by the chick 
both for growth and the prevention of anemia. MHten fraction 3 or 
fraction 3-A only were added to purified diet 653 the hemoglobin level 
was not increased. Growth failure and lOO^o mortality also occurred 
as was observed in several instances with the purified diet alone. How- 
ever, folio acid may function as an antianemic and growth factor only 
in the presence of the antianemic factor found chiefly in fraction 2. 
The existence of a second antianemic factor is suggested by the work 
of O’Dell and Hogan ( ’43). If this is true, the folic acid requirement of 
the chick for growth and the prevention of anemia appears to be less 
than 15 ug. per 100 gm. of diet. Briggs, Luckey, Elvehjem and Hart 
(’43) have reported maximum growth in chicks fed a purified diet 
containing 17.5 pg. of added folic acid per 100 gm. The folic acid con- 
tent of the purified diet was not given but, since it was similar to puri- 
fied diet 653, it probably contained approximately 8 pg. per 100 gm. 

The evidence that the chick requires a second antianemic factor in 
addition to folic acid, however, is diflicult to reconcile with the work of 
Pfiffner and associates (’43) and Campbell, Brown and Emmett (’44). 
Under their experimental conditions, these workers obtained maximum 
growth in chicks and prevention of anemia by supplying from 100 to 
400 Mg. of vitamin B, per 100 gm. of diet. The antianemic effect ob- 
tained by Campbell and associates (’44), however, was not as striking 
as that obtained by Pfiffner and associates ( ’43) and may have been 
subnormal. In contrast to these growth results, Almquist ( ’43) failed 
to obtain any significant growth increase by supplying 150 pg. of 
Lactobacillus casei factor per 100 gm. of diet by means of a concentrate, 
approximately 9% pure, prepared by Stokstad.’” 

In view of these results and in the light of the studies reported in 
this paper shelving that the folic acid requirement of the chick is less 

”See footnote 7, p. 180. 
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than 15 Rg, per 100 gm. of diet, it is suggested that the antianemic 
effect of crystalline vitamin and also its growth promoting properties 
are caused either by contamination with extremely, potent antianemw 
and growth factors or to synthesis of these factors by bacteria in the 
intestinal tract as a consequence of supplying large amounts of a neces- 
sary bacterial growth factor. O’Dell and Hogan (’43) showed that the 
incidence of anemia is increased by including sulfaguanidine in the 
purified diet fed the chicks. If either of these explanations proves to 
he correct, then the antianemic factor encountered in the studies d^ 
scribed in this report is probably the vitamin originally discovered by 
Hogan and Parrott ( ’40) and designated vitamin 

In view of the ease of adsorption by activated charcoal and because 
of similarities in source and function, factor E may be identical with 
factor H of Stokstad and Manning ( ’38) . VitaminBn of Briggs, Lackey, 
Elvehjem and Hart ( ’43) appears to he the same as factor R of Schu- 
macher, Heuser and Norris ( ’40) but is associated with an antianemic 
factor. The other unidentified factor suggested by Briggs and associ- 
ates ( ’43) as a consequence of failure to obtain as good growth with a 
biotin concentrate as with kidney residue may be identical with factor 
S of Schumacher and associates (’40). 

No evidence of the existence or non-existence of a factor essential for 
feather development only was obtained in the experiments reported in 
this paper. Factor S, however, did not promote as good feather develop- 
ment as factor R. Since the results of Briggs, Luckey, Elvehjem and 
Hart ( ’43) indicate that there is a feather factor distinct from vitamin 
Bii, it may accompany factor R in fraction 2. 

SUMMABY 

Evidence, obtained previously, of the existence of two unidentified 
cHck growth factors, designated factor R and factor S, has been con- 
firmed. Factors R and S have been found not to be identical with folic 
acid, the Lactobacillus easel factor or vitamin Be. If the latter factors 
are the same substance, as recent work indicates, a new chick anti- 
anemic factor has been revealed which is distinct from factors R and S. 
This antianemic factor may be vitamin Be, however, in the event tbat 
crystalline preparations of it are contaminated, with highly poten , 
growth and antianemic factors or stimulate their bacterial synthesis in 
the intestinal tract. No evidence was obtained that folic acid is, or is 
not, required by the chick, since growth failure and very extreme mor- 
tality occurred in the absence of the antianemic factor and factor E or 
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the antianemic factor and factor S. If folic acid is required, the amount 
appears to he less than 15 pg. per 100 gm. of diet. 
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During I'ecent years the authors and their associates have conducted 
six. experiments, five with growing and one with mature albino rats, 
for the purpose of determining the influence of the protein content of 
eqnicalorio diets on the heat production under conditions representing 
normal nutritive practice ; and in these experiments the heat production 
diminished, at moderate rates, in the increasing order of the intake of 
protein — which is not in hamony with the generally prevailing un- 
derstanding that the protein content of diets dominates the heat pro- 
duction by virtue of the high speeifte dynamic effect of this nutrient as 
fed alone. Five of these experiments have been published in four 
papers (Forbes, Swift, Black and Kahlenberg, ’35; Forbes, Voris, 
Bratzler and "iVainio, ’38; Forbes, Black, Thacker and Swift, ’39, ’40), 
and the results of the sixth are presented herewith. In this general 
program 231 albino rats were used as subjects, ivith 10 to 12 animals on 
each dietary treatment, the program as a whole covering 16,170 24-honr 
“rat days” of controlled experimentation. 

In this series of experiments the heat production was measured as 
single values for 70-day periods by subtracting the caloric equivalents 
of the excreta and of the body gain from the gross energy of the food. 
The special advantages of this procedure, which the authors have called 
“the body balance method”, are that the long period of observation 
serves to minimize the factor of error of work, and covers the complete 
process of food utilization during a protracted interval. Also, in order 
that the results shall represent the normal use of food, the animals 
were fed at super-maintenance planes of nutrition on diets which were 
nutritively complete, except as influenced by the protein intake, and 
were allowed unrestricted freedom of motion. This procedure has led 
to conclusions at variance with the generally prevailing ideas as to the 
• influence of the protein intake on the production of heat because of 

* Authorized for publication on Mav 3, 1944^ 06 paper uo- 3234 iu the Journal Series of the 
Pcnnsjlvauia Agricultural Experiment Station. 
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differences m methods of experimentation, and in the interpretation of 
results, as mil later appear. 

^To assist in clai if j ^n^^ our understanding of the influence of protein 
on the heat production from normal, mLxed diets the authors conducted 
the experiment discussed in this paper. The general procedure was the 
same as in the previous experiments of this series, except that the en- 
vironmental temperature for the animals was maintained during the 
entire 70 days of the experiment definitely mthin the zone of thermal 
neutrality, that is, within the range of temperature at which no extra 
nutriment is kataboUzed for the maintenance of the normal temperature 
of the body. During the earlier experiments of tliis series the environ- 
mental temperatures were not so controlled and were often slightly be- 
low the critical point, though all groups of animals received the same 
treatment. 

The idea that the dynamic effects of normal diets are in harmony 
with their protein contents depends primarily on two misconceptions, 
(1) that specific dxniamic effects of nutrients determined at planes of 
nutrition involving the lcataboii.sm of body substance apply to super- 
maintenance planes of nutrition, and (2) that the specific dynamic ef- 
fects of individual nutrients, determined by any procedure, are true of 
these nutrients when combined as in the diets of normal nutrition. 

The usual method of determining the specific dynamic effects of nutri- 
ents is to give a single feeding of the test substance to an animal in a 
post-absorptive state and then, during intervals of time in which the 
subject is quiet, to measure the maximum height of the increase in heat 
production, or more properly the total increase in beat production 
above the base rate, or above a mean value between the initial base 
rate and a final rate computed to represent the decreased heat produc- 
tion of the subject if it had continued without food during a time infev- 
val equal to the period of measurement of the increased metabolism. 

The element of experimental error in any such short-time measure- 
ments is apt to be large, especially as the result of a technic inadequate 
for the determination of either the maximum height of the metabolism 
attained or the total increase in beat production ; and it is the authors 
understanding that any such measurement, involving the kataholism o 
body substance, is too low to apply to planes of nutrition at or above 
maintenance by an amount representing the dynamic effect of the bo } 
nutrients katabolized. The point of view from which this observation 
is made has already been discussed (Forbes and Swift, *41). _ 

That determinations of dynamic effects, by procedures inplyrug t e 
heat production at a sub-maintenance status as a base value do uo 
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applj' to normal nutrition at super-maintenance rates is also indicated 
by tbe fact that the proportion in which the nutrients are utilized is 
much more prominently affected when the base value is below than 
when it is at or above maintenance. Also, the assumption that the 
specific djTiamic effects of individual nutrients ns determined by any 
procedure apply to combinations of nutrients is not in accord with es- 
tablished facts. 

In connection with the presentation of evidence on the heat ii\cro- 
ments of diets balanced and unbalanced ivith respect to protein, Hamil- 
ton (’35, ’37, ’39) has summarized abundant literature showing that 
nutritive balance, in general, affects the economy of utilization of food 
energy; and an extensive series of papers from this institute, l)y E. B. 
Forbes and associates, on individual nutritive deficiencies as affecting 
the utilization of food energy, similarly imply that the heat increments 
and the energy values of nutrients in combination can not be the addi- 
tive separate heat increments and cnerg>' values of these constituent 
nutrients. 

Further, Forbes, Bratzler and associates (’39), Ring (’42), and 
Forbes and Swift ( ’44) have conducted experiments showing that the 
dynamic effects of protein, carbohydrate and fat ns individually de- 
termined are not true of those nutrients variously combined. 

EXPERIMENTAL 

In the present experiment the plan of the diets as given in table 1 
shows that their protein contents were determined by the proportions 
of beef muscle protein included; and the gross energy values of the 
diets were rendered equal by compensating adjustment of their con- 
tents of carbohydrate = and fat.” As a result, the arrangement of the 
diets in tbe order of their increasing protein contents had the effect of 
arranging them in the order of their decreasing contents of carbo- 
hydrate and fat. Critically speaking, therefore, the differences in the 
results produced by these diets should be ascribed not to the differences 
in protein intake alone but to this factor and the associated, compensat- 
ing differences in carbohydrate and fat. 

Referring to table 2— the subjects of this experiment were eleven 
litter-triplots of weanling, male, rats divided into three groups of ap- 
proximately tbe same weight, which received equicalorie quantities' of 
diets containing approximately 10%, 25%, and 45% of protein. All re- 
sults of this experiment, therefore, are averages representing eleven 
animals. 


’ Cerclrtse. 


* Crisco, 
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• Since the 25% protein diet was more nearly the optimum than the 
other two, for the grooving rat, the gains in live weight and in nitrogen 
produced by this diet were greater than by the diets of 10% and 45% 
protein ; but the gain in fat decreased in the increasing order of their 
contents of protein, which was in the decreasing order of their contents 
of metabolizable energy. 


TABLE 1 


Cf'tnposition of dietn. 


INGREDIEKT 

DIET 1 

MET 2 

DIET 3 



% 

% 

Cellu flour 

4.00 

■ 4.00 

4.00 

Salt mixture' 

4.00 

4.00 

4.00 

NaCl 

1.00 

1.00 

1.00 

Teast ’ 

C.OO 

6.00 

6.00 

Butterfat 

1.00 

1.00 

' 1.00 

Cerelose ’ 

55.00 

43.45 

27.26 

Beef muscle 

9.20 

29.58 

56.74 

Criseo 

19.20 

10.97 

0.00 

Total 

100.00 

100.00 

100.00 


’ Osborne, T. B., and L. B. Mendel, ’17. J. Biol. Cliem., vol. 32, p. 309. 

’ The yeast used was a mixture of 5 parts by "weight brewer ’s yeast and 1 part irradiated 
yeast. 

’ Cerelose is a crystalline dextrose of high purity. 


TABLE 2 


Average amounts of food eaten, and of gains in life weight, nitrogen and fat per rat during 

70 dags. 


PROTEIN 

JK DIET 

TOOT) EATEN, 
DRT JIATTER 

UVE WEIGHT 

Initial Final 

GAIN IN 
EMPTT 
BODY 
vrnoHT 

NITROGEN 
OP BODY 
GAIN 

*/o 

pm. 

am. 

om. 

pm. 

pm. 

10.00 

498.4 

33.5 

146.2 

108.1 

3.02 

24.81 

499.9 

33.1 

201.5 

161.7 

5.38 

44.88 

499.8 

33.3' 

180.2 

141.1 

4.76 


nr 

owsra 


pm. 

21.68 

19.01 

16.43 


The distribution of the total food nitrogen per rat, for lO days, is 
given in table 3 ; and the distribution of tbe food energy for the same 
period is presented, as from experiment no. VI in table 4, which gwes 
parallel data from the entire series of six similar experiments con 

dneted at this laboratory. . . 

Tbe protein variant in experiments I, II and III was casein, an i 
experiments IV, V and VI it was beef muscle protein. 

As revealed by their live weights, the rats in experiments ^ 

IV and VI were weanlings, in contrast to those in experiment i 


I 
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were matore. The lightness of the initial live weights of the rats m ex- 
periment VI was duo to a nutritive deficiency resulting from war-time 
restrictions affecting the manufacture of the commercial animal feed 
which served as the principal part of the stock colony ration. 

In this table the data representing “metabolized energy” arc the 
values for food energy minus the energy of the feces and urine, and 
those for “metabolizable energy” are the values for food energy 
minus the energy of the excreta and the non-metabolizable energy of 
the protein retained. 


TABLE s 

Disinbution of averotje 70 days* food nitrotjen per rat as refofed to the plane of protein inialce. 


Protein in the diet, % 

10.06 

24.81 

44.88 

Nitrogen: 

Foodj gm. 

8.5 

21.0 

38.0 

Fecea, gm. 

1.0 

1.6 

2.7 

Digested, gm. 

7.5 

19.4 

35.3 

% of food N 

8S.3 

92.4 

92.9 

Urine, gm. 

4.4 

13.9 

29.4 

% of food N 

51.8 

66.2 

77.4 

Gain of N, gm. 

3,0 

5.4 

4.8 . 

Calonea in urine per gm. urinarr N 

11.7 

8.0 

7.0 . 


CONCLUSIONS 

Prom a series of six experiments, five of which have been previously 
published, on the utilization of the energy and the protein of equiealorio 
diets differing in protein content, the following conclusions are dra-wn : 

The apparent digestibility of food nitrogen, and the per cent of the 
food nitrogen eliminated in the urine increased, and the energy per 
gram of nitrogen in the urine decreased, in the increasing order of the 
protein contents of the diets. 

The apparently digestible energy, as indicated in reverse by the 
energ>' of the feces, increased in the increasing order of the protein 
contents of the diets at the lower planes of protein intake, but in three 
experiments among the four in wliich the diet contained 45% of protein, 
the plane of maximum apparent digestibility of protein was exceeded. 

In all experiments the outgo of energy in the urine increased through- 
out the entire range of increase in protein intake. 

The body gain of energy increased in the increasing order of the 
protein contents of the diets from 10% to 25%, but decreased in the 
order of the further increase in protein content of the diets to 45%. 





T^iBLE 4 

Distribution of avcragta 70-datj food energy of albino rats related to the percentage of protein, in equicaloric diets. 
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The body gain of protein energy increased in accord with the in- 
creasing protein intake np to the 30^ to 35% level, but was less ex- 
tensive at the 45% than at the 35% level. 

The body gains of fat energj’ represented balances of nietabolizablc 
energ)' supplied in excess of the requirements of the animal for main- 
tenance (including physical activity) and synthesis of protein. The gains 
in fat energ}' were not in definite order with reference to the plane of 
protein intake. 

The metabolized energy was about on a level at planes of protein 
intake up to 25%, but invariably decreased at the higher levels of 
dietary protein. 

The metabolized energy, the metabolizable energy, and tbe beat pro- 
duction all diminished at about the same sliglit rate thronghont the en- 
tire range of increase in the protein contents of the eqnicaloric diets, 
thus rendering clear the fact that it was the metabolizable energy, and 
not tbe protein content of these diets, which dominated the production 
of heat. 

The improved condition of e.xperimentation provided in the present 
study as compared with the previous studies of tbe series — that is, the 
maintenance of the environmental temperature within tbe zone of tlier- 
mal neutrality for the subjects — was without observed effect on the 
results obtained. 


RDMMARV 

Results are presented of a study of the heat production of growing 
albino rats in relation to the protein contents of eqnicaloric diets con- 
taining approximately 10%, 25% and 45% of protein; and general 
conclusions are drawn from six similar studies, including the present 
e-vperiment, on the same subject. 

The special purpose of this last experiment was to determine the 
effects of maintaining the environment at all times definitely within 
the zone of thermal neutrality for the subjects. This improvement in 
conditions of experimentation was without observed effect on the re- 
sults obtained, as compared with previous findings. 

The metabolizable energy and tbe heat production diminished at 
about tbe same slight rate throughout the entire range of increase in 
the protein contents of the equicalorie diets, thus showing that it was 
the metabolizable energi^, and not the protein content of these diets, 
which dominated the production of heat. 

Other conclusions are given in the text. 
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A decrease in the rate of intestinal absorption of galactose in acnte 
severe thiamine deficiency and in vitamin B complex deficiency has 
already been reported by this laboratory (Free and Leonards, ’42; 
Leonards and Free, ’43b). The possibility that prolonged subacute 
thiamine deficiency, which is more prevalent than the acnte severe 
deficiency, may have an effect on intestinal absorption led to the 
present study. Specifically, it was designed to determine the effect 
of prolonged subsistence on diets low in thiamine on the rate of intes- 
tinal absorption of galactose in the rat. 

METHODS 

The methods used in the care of animals and in the measurement of 
intestinal absorption have already been adequately described (Free 
and Leonards, ’42). Three groups of young rats were placed on the 
vitamin B complex-free diet having the foOowing percentage compo- 
sition: alcohol-extracted casein 18, starch 68, cottonseed oil 8, Alendel- 
Hubbell-Wakeman salt mixture (’37), 4, and cod liver oil 2; to 100 
parts of this mixture was added 0.2 part of choline chloride. One 
group of rats received this diet supplemented with 2 Mg. of thiamine 
daily, the second group with 6 pg. daily and the third group with 10 

*The material contained in this paper is taken from a dissertation submitted by Jack 
E. Leonards, to the Graduate School of Western Keserve University, June 1943, in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy in Biochemistry. The 
authors are indebted to Prof. Victor 0. Myers for making possible the series of investi* 
gationa on the effect of vitamin deficiencies on intestinal absorption. 

‘This investigation was supported by a grant from the WilUams-Watcrman Fund of the 
Research Corporation, New York. 

‘"We are indebted to Merck and Co., Bahway, New Jersey, for generous supplies of the 
Titamins employed in this study. 
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Mg. per day. Eacli experimental animal was “paired” with a litter- 
mate control rat which received 40 pg. of thiamine per day, and whose 
food intake was limited so that its weight was kept very nearly equal 
to that of the experimental member of the pair. 

All of the rats received the usual adequate daily supplements of 
riboflavin (25 pg.) pyridoxine (20 pg.), and calcium pantothenate (100 
pg.). The animals were kept on this diet for 70 to 80 days at which 
time the weights of animals receiving the 2 pg. and 5 pg, of thiamine 
per day had become stabilized. At this time the measurements of in- 
testinal absorption of galactose wmre carried out. 



Fig. 1 The effect of various thiamine supplements on the rate of growth of rats. 

RESULTS 

The average growth curves of the rats fed diets containing 2 pg-i 
5 pg. and 10 pg., resiDectively, of thiamine daily are given in figure h 
and are compared with those of a group of rats on the same diet 
eaten ad libitum hut supplemented with 40 pg. of thiamine daily. These 
gro'wth curves do not include the weights of the paired control animals, 
but as previously mentioned the weights of these controls were kept 
very nearly the same as those of the experimental companions. The ani- 
mals receiving 5 pg. and 10 pg. of thiamine daily grew at ahoiit the same 
rate for the first 8 weeks after which time the 5 pg. group did not gam 
any more -weight. Tw'o pg. of thiamine daily -svas sufiicient to ena e 
the rats to attain a w-eight of about 75 gm. The wmights then fluctuate 
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■wiflim 5 or 10 gni. of this figure for the last 50 days of the oxporirnent. 
Thus the condition of most of the animals in this group was kept 
rather constant for a considerable period of time. Four of the animals 
receiving 2 ug- of thiamine per day exhihited marked symtoms of 
polyneuritis after being on the diet for about 60 days. These were 
promptly cured by allowing the rats to drink a solution containing 
20 pg. of thiamine. Then, in order to prevent the rats from gaining too 
much weight, the regular daily thiamine supplements were withhold 
for 5 or 6 days. This procedure was thought to be preferable to at- 
tempting to cure the rats with smaller doses of thiamine. No recur- 
rences of polyneuritis were observed in these rats. 

The animals receiving the higher levels of thiamine appeared normal 
in all respects, except for a slight decrease in the rate of growth. The 
rats on the 2 pg. daily level of thiamine, as well as their pair-fed con- 
trols, appeared emaciated and had rough fur. Priapism was observed 
in many of the animals both in the deficient and control groups. Al- 
though care was taken to assure an adequate supply of pantothenic 
acid, about one-half of the animals in the 2 pg. level group and their 
controls showed a “rusting” of the white fur around the neck, similar 
to that seen in pantothenic acid deficiency (JiIcElroy, Salomon, Figgo 
and Cowgill, ’41). This was only of a very mild degree, and there were 
no “blood caked” whiskers. 

The individual results of the absorption studies of 25 pairs of rats 
in yvhieh the experimental member was allowed 2 pg. of thiamine daily 
are given in table 1. The average absorption coefficient of the deficient 
animals was 298 mg. per 100 gm. per hour while that of the controls 
averaged 354 mg. per 100 gra. per hour. The rate of absorption of the 
deficient animals therefore averages 85% of that of the controls. 
This decrease in rate of absorption of the chronically deficient ani- 
mals, although small and at the borderline of statistical significance, is 
exhibited by twenty-one of the twenty-five animals that were studied. 
That this decrease is not due mainly to changes in the factors of gas- 
tric motility and emptying time is shown by the fact that the intestines 
of the deficient animals contained even more galactose than those of 
the controls. The values are, respectively, 11% and 7% of the in- 
gested amount of the sugar. 

The average values for the blood galactose 1 hour after ingestion of 
the sugar were respectively, 513 mg. per 100 ml. and 578 mg, per 100 
ml. for deficient and control groups. Thus the -rate of intestinal ab- 
sorption of the rats on the low thiamine intake, as measured bv the 
blood galactose levels, averaged 89% of that of the control aniinals. 
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The blood galactose levels therefore do not- indicate any impairment in 
the rate of metabolism of the sugar as was seen in the case of rats 
acutely deficient in pantothenic acid and thiamine (Leonards and Free 
’43a; Leonards and Free, ’43b). ’ 

_ The results obtained on the effects of daily intakes of 5 ag. and 
10 pg. of thiamine daily on the rate of intestinal absorption of galactose 
are also given in table 1. There is no significant difference in the rate 
of intestinal absorption in rats receiving 5 pg., 10 pg,, or 40 pg, re- 
spectively, of thiamine daily. There are, however, two interesting ob- 
servations in these animals to be reported. One is that the absorption 


TABLE 1 

Intestinal absorption in rats receiving different thiamine supplements. 
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coefficients of these groups of animals are much lower than those ob-. 
tabled for all of the other groups of rats in vitamin deficient states 
which have been studied in this laboratory. The other observation is 
that the per cent of ingested galactose remaining in the intestines of 
these rats was also lower than that characteristic of other groups of 
animals, the amount of sugar in the stomach being correspondingly 
increased. One reason for these differences may be due to the fact 
that the growth of these animals was not stunted as much as in t le 


more severe deficiencies. 

Harper (’’42) studied the effect of suboptimal intake of thiamine on 
the rate of intestinal absorption in rats. The rats were given a tina- 
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mine deficient diet for 6 weeks or until tbeir food consumption dimin- 
ished. They were then given 10 pg. of thiamine daily for a period 
which was not recorded. A decrease in the rate of absorption of glu- 
cose was observed in the deficient animals. This decrease amounted to 
17% of the normal rate when a 2-hour absorption period was used. The 
effect of gastric evacuation was not recorded. Although the conditions 
of Hai-per’s experiments were different than those described in this re- 
port, both studies indicate that only small decreases in the rate of in- 
testinal absorption of sugars are observed in mild chronic thiamine de- 
ficiency. 

SUMMARY 

1. The rate of intestinal absorption of galactose was measured 
in 3 groups of rats which were kept for 70 to 80 days on thiamine in- 
takes of 2 pg., 5 pg., and 10 pg. per day, respectively. The absorption 
was compared with “paired” control animals receiving 40 pg. of thia- 
mine per day. 

2. The rate of absorption of galactose in rats receiving these sub- 
optimal thiamine intakes averaged 85% to 90% of that of the controls. 

3. The methods employed did not indicate any change in the rate 
of metabolism of galactose as a result of the chronic thiamine deficiency. 
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Rats maintained on a purified diet containing the B Complex 
vitamins — thiamine, riboflavin, pyridoxine, pantothenic acid, nicotinic 
acid and choline chloride — gi'ow normally {Unna, Richards, and 
Sampson, ’41; Henderson et a!., ’42). It was soon shown by Black, 
JlcKibbin, and Elvelijem (’41) and later by others that sulfagnanidine 
inhibited the intestinal elaboration of additional growth factors re- 
quired by the rat. The inclusion of sulfasuxidine in a synthetic diet 
gave rise to a biotin and folic acid deficiency (Nielsen and Elvchiem, 
’42), and recently it has been sho'ni that an inositol deficiency may be 
produced by feeding sulfasuxidine, Nielsen and Black (’44). However, 
the rat can synthesize sufiicient biotin, folic acid and inositol to meet 
its requirements of these factors if maintained on a synthetic diet 
devoid of a sulfonamide. It has been shown by Woolley (’40b) that 
the mouse requires inositol for normal hair formation. We now have 
evidence that the mouse, unlike the rat, requires biotin and folic acid 
for normal growth on an artificial ration. 

EXPERIMENTAL 

The basal ration had the folloiving percentage composition : alcohol 
extracted sucrose, 68; alcohol extracted casein, 20; salts IV, 5; corn 
oil, 5 ; and cod liver oil, 2. The following B vitamins were incorporated 
into 100 gm. of the basal diet; thiamine chloride, 0.5 mg.; riboflavin, 
1.25 mg.; pyridoxine, 0.5 mg.; calcium pantothenate, 2.2 mg.; nicotinic 
acid, 5 mg. ; choline chloride, 200 mg. ; and inositol, 200 mg. The rations 
were never more than a week old and were stored in an ice box. A 
special feed cup was used in order to overcome the tendency of mice 
to scatter the diets. An ointment jar 2 inches in diameter and approxi- 
mately 2 inche.s in depth was used as a food container. The jar was 
filled with ration to within a 4 inch of the top and a metal disc If inohe.s 
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in diameter was placed over tlie feed. The disc had three holes of f beh 
in diameter through which all the food had to be obtained by the mice. 
The jar was fitted with a metal screw top with an opening of 1 inch in 
diameter, which prevented the removal of the disc by the mice. 

Male albino mice supplied by the Koekland Farms were used in this 
study. They were 21 days old and weighed from 7-9 gm., when placed 
on the experimental diets. They Avere divided into groups of eight and 
placed in cages with raised screen bottoms. The animals Avere Aveighed 
individually and as a group each Aveek. 

The basal ration described above did not support good grovdh in 
our mice (table 1). The weights reached a plateau at the end of the 
fourth week on this diet and many of the typical symptoms of a mild 
biotin deficiency Avere noted in the animals. The rough fur coat and 


TABLE 1 
Growth response. 


BODY WEIGHT (AVERAGE. OF 6 MICE) ArTER 

RATION 

2 Wceke 4 Weeks 0 Weeks 

B Weeis 

Basal 

20 

20 

20 

23 

Basal + Biotin 

20 

24.5 

23 

25 

Basal + Folic acid 

21 

25.5 

26 

28.5 

Basal + Biotin + Folic acid 

21 

27 

29 

32 

Basal + Sulfasu.\idine 

16 

14 

Dead 


Basal + Sulfasuxidine + Biotin 

17 

19 

16.5 

Dead 

Basal -f- Sulfasuxidine + Folic acid 

18 

21 

22 

20 


curvature of the spine are shoAAm in picture A which was taken after 
the mice had been on this diet 41 weeks. In another experiment biotm 
was added to the basal diet at a level of 8 pg. per 100 gra. of ration.^ The 
general appearance of the animals Avas much improved and the animals 
grew better. A mouse which received the basal ration plus biotin is 
shoAvn in picture B. 

A superfiltrol eluate (eluate factor or folic acid concentrate) was 
prepared according to the procedure of Hutchings et al. (’41)- 
concentrate was added to the basal ration at the equivalent of 4 
of solubilized liver per 100 gm. of ration. A group of mice receiving 
this supplement grew better than the animals receiving the basa ra 
tion (table 1). The difference in weight indicates that the mouse re 
quires a source of folic acid when maintained on a completely ar i cia 

Another group of mice was given the basal diet to which 
added 8 ag. biotin and a folic acid concentrate the equivalent ot 4 o • 
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of soluliilizccl liver per 100 gm, of ration. The general appearance of 
tlie luieo was very good as is seen in picture C, which was taken after 
the mice had been on this diet 41 weeks. This group of mice showed 
greater gains in weight than the groups receiving either supplement 
alone as we were dealing with a complicated deficiencj' in the previous 
experiments. The animals wore kept on this ration for 17 weeks and 
appeared normal in all respects. The individual weight of the animals 
at this time varied from 34-37 gm. 

Since it was believed that mice can synthesize small amounts of 
biotin and folic acid, sulfasuxidine was incorporated in the basal diet 
to the extent of 0.6 gm. per 100 gm. of ration. A group of mice receiv- 
ing this modified diet began to lose weight after the third w'eek and all 
the animals were dead at the end of 6 weeks. An uncomplicated biotin 
deficiency, was produced by supplementing this ration containing the 
drug with a folic acid concentrate. This diet supplemented with folic 
acid gave better growth responses but a typical alopecia developed after 
4 weeks. The alopecia was well defined and is seen in picture D, It has 
been possible to cure and prevent this alopecia with biotin and definite 
growth of hair was seen after 2 weeks treatment. In another series of 
mice a severe folio acid deficiency was produced by feeding the ba.sal 
diet containing the drug together with biotin at 8 Mg. per 100 gm. of 
ration. No alopecia was seen in these animals although the hair coat 
was untidy. The administration of a folic acid concentrate restored the 
mice to apparent normal nutrition, 

DISCUSSION 

The supplementation of the basal ration wdth biotin and a folic acid 
concentrate gave a definite growth response. While rats maintained on 
a similar basal ration can synthesize adequate amounts of biotin and 
folio acid, it would appear that the bacteria in the intestines of the 
mouse are unable to meet the full requirements for this species. Since 
only a mild biotin and folic acid deficiency was produced on the basal 
ration it is believed that small amounts of these vitamins were synthe- 
sized in the intestinal tract but not in adequate amounts for normal 
growth. A severe biotin deficiency in our animals resulted in a well de- 
fined alopecia. A similar alopecia which responds to inositol has been 
described by Woolley ( ’40 a, b). Additional work is now in progress to 
ascertain if biotin is involved in the utilization or absorption of inositol 
or both. 
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SUMMARY 

1. Biotin and folic acid are required by mice maintained on a com- 
pletely artificial diet. 

2. A severe biotin deficiency in mice is cliaracterized by alopecia. 

3. Biotin and folic acid deficiencies produced in mice on a synthetic 
ration are more acute when 0.6% sulfasuxidine is included in this ration. 
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A A mouse which received the basal ration. 

B A vAOiise which received the basal ration plus biotiu. 

C A mouse which received the basal ration plus biotin and a folic acid concentrate. 
D A severe biotin deficiency in a mouse cliaracterized by a well defined alopecia. 
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The production of soj’beans in this country has greatly increased 
within recent years. While only 29,000,000 bushels were produced in 
193G, the yearly crop had increased to nearly 80,000,000 bushels by 
1940, and the goal for 1943 was 210,000,000 bushels (Gorlner and 
Gunderson, ’44). Although the bulk of the domestic crop is not 
destined for human consumption, an important though minor fraction 
makes its contribution to the human dietary. It has been reported 
in this connection that 35,000,000 bushels of the 1943 crop ^vould, 
be available in the form of low-fat or high-fat soya flour for consump- 
tion by our omi populace and by recipients of Lend-Lease (Gortner 
and Gunderson, ’44). 

Soybeans are exceptionally rich in protein ’ and it is of considerable 
practical importance to have as much information as possible on the ' 
nutritive qualities of this constituent of the bean. Provided it is of 
satisfactory nutritional value, the protein in soya products could af- 
ford a comparatively inexpensive supplement to the more common 
sources of food protein. 

Experiments with animals have indicated that the protein of whole 
soybeans, after an appropriate heat treatment, possesses good nutri- 
tional qualities and is superior to the proteins of other legumes in 
its growth-promoting properties (Everson and Heckert, ’44). Animal 
experimentation has also uncovered one of the limitations of Uie nu- 
tritive quality of soybean protein for it has been found that the addi- 
tion of cystine or methionine improves the utilisation by rats and 
chicks of the protein of both raw and cooked beans (Hayward and 

‘ Supported by o ^ant from tbe NutrUion Foundation, Inc 

’VtoaeBteJ til tlie meeting ot tlie llicliigan Academy of Science, Arts and Letters Ann 
Arbor, March 17, 1944 ' 

^ * The beana used m the present inveatigation contained about 34% on the basis of N X 
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Hafner, ’41). Although these studies with animals are invaluable and 
have a hearhig on human as well as on animal nutrition, experiments 
with human beings are also desirable. Eesearch of this type is rather 
costly and requires the painstaking cooperation of a number of indivi- 
duals. The results of such investigations, however, have the ad- 
vaiitage over those obtained in animal studies of being more directly 
apj)licable to problems in human nutrition. There is a scarcity of re- 
ports of studies with human subjects on the nutritive value of the 
protein of soybeans. jMost of the recorded investigations have dealt 
with the growth-promoting qualities of milk substitutes containmg, 
soybean protein for infants. Only one study' on the biological value 
of soya protein appears to have been carried out with adult liumau 
subjects. Cheng, Li, and Lan ( ’41) reported that the biological value of 
the protein in soybean curd (protein content of diet 2.6%) was 64%. 
This value was based on data secured from one S-day^- collection period 
on three subjects for both the experimental soya curd diet and a low- 
nitrogen basal diet. 

The present research was undertaken to study the digestibility and 
the biological value of soybean protein in adult human subjects. The 
products examined were wiiole soybeans ■*, soyflour and soymilk.® 

EXPEKIMEKTAL 

The method employed was that used by ilurlin and his associates 
(’41) to obtain comparable information on the protein in different 
breads. This procedure involves a comparison of the amount of uri- 
nary and fecal nitrogen excreted by subjects fed an especially designed 
diet containing egg protein, with the amount of nitrogen excreted by 
the same individuals when fed a similar diet containing the protein 
to he tested in place of the egg protein. The diet was planned to supply 
approximately^ fonr-fifths of the food nitrogen from either whole 
egg or the p)rodnct under investigation, in adjacent test periods. Ap- 
proximately one-half of the remaining dietary nitrogen was contained 
in cream, and the rest in the form of fruit, vegetables, and accessories. 
The total protein level of the diet was maintained at or near o/e 

* Eun-of-the-niiU field-grown soybeans were used rather than a single variety. Stadies 
with purified soybean protein from five varieties have shown little, if any, difference, in Hie 
utilization between the varieties by the rat (G. Everson, personal communication). c 
soybeans were obtained through the courtesy of Dr. Percy Julian of the GUdden Company, 

Qiicago. , j. 

‘Staley’s Soyflour no, 2 was used. It was secured through the courtesy of tne 
Staley Manufacturing Company, Peoria. 

• The soybean milk, ‘ ‘ Mull-Soy, ’ ’ was generously provided by The Borden Compan. . 
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of tlie total caloric intake and the ratio of carbohydrate to fat was kept 
constant. Two of the diets eaten in the present study by one of the 
experimental subjects (P. G.) are shown in table 1. In calculating the 
biological value of the iirotcin under study, Murlin and his associate.^ 

T.1BI.E 1 
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1513.9 
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Total 

calories, 317C.7 


j Total calories, 31 

■6.7 



Protein, 4.91% Protein, 4.9G% 

Carbohydrate, 47.7% { Carbohydrate, 47.7% 

Fat 47.3% I r^t 47.3 7e 

‘ Eaten as whole egg omelet. 

*The percentage of protein in soybeans for use in the calculation of the protein calories 
was obtainetl by multiplying the percentage of soybean nitrogen by the factor 5.71, which 
is the nitrogen factor given by Jones (*31). 

* The soybean carbohydrate calories were based on the percentage of available carbohy* 
firatc. Adolph and Kao (’33) have reported tliat 40% of soybean carbohydrate is utilized 
by the animal body. 

*The starch cracker was eaten to supply calories with little nitrogen. It was patterned 
after the cracker employcfl by Sumner and Murlin (»38) in one of their studies. Tho batter 
for the cracker used in the present investigation consisted of com starch, GOO gm., gum 
acacia 32 gm., Crisco 80 gm., alum baking powder 20 gro., Karo SO gm., salt 8 gra,, and 
>vater 800 gm. 270 gm. of this batter poured into two pie tins and baked slowly for 1 hour 
provided t>Yo starch crackers. Two such crackers were eaten by each subject. 
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( ’41) made -the tacit assumption that the egg protein was completely 
utilized. The calculated biological value was based, therefore, on egg 
protein as 100. 

, The experimental subjects were all males from the Medical School 
staff and student body. Owing to the nature of the research, only a 
limited number of individuals could be .studied together. Experiments 
were carried out with three separate diet squads, one squad being 
studied at a time. Data on the ages, heights, body weights, and the dis' 
tribution of calories in the experimental diets for each subject in the 
different diet squads, together Avith dates shoAving the duration of the 
experiments Avith each squad, are given in table 2. 

The subjects ate all of their meals in one of the departmental labora- 
tories AA’^hich served both as a dining room and kitchen. During a pre- 
liminary interval the individuals Aimre fed a standard egg diet for a 
period of several days (6 to 10 days), during AA'hich time adjustments 
AA’^ere made in the diet and the subjects became familiar with the 
roirtine of eating together and of collecting feces and urine. After the 
preliminary intei'Aml, the first soybean product period began. This Avas 
folloAAmd by egg and soya product periods, so spaced that a soya pro- 
duct period Avas ahvays adjacent to an egg period. All of the experi- 
mental periods Avere 6 days in length. 

The subjects remained in good health throughout the study and the 
data in table 2 shoAv that changes in body Aveight Avere only moderate. 
The diet promoted normal gastrointestinal function in all of the sub- 
jects. More frequent defecation and better-formed stools AA'ere ob- 
served during each of the soybean product periods than during the 
• standard egg diet periods. The high satiety value of the ingested soy- 
bean products was noted. 

The soybean products employed as the source of the hulk of the 
nitrogen in the different experimental diets AAmrc prepared for con- 
sumption as described beloAv. The Avhole soybeans Avere autochwed 
AAuth 2 parts of Avater at 15 pounds pressure for 1 hour. This treat- 
ment rendered them comparable in softness and flavor to soybeans 
cooked for several hours at normal atmospheric pressure. They 
AAmre reheated for serving. The soyflour was mixed Avith Avater and 
salt oz. flour, f cup water, and i teaspoon salt) and autoclaved for 
hour. Indmdual portions of the soya products Avere cooked daily. ^ - 
though the sqymilk Avas not autoclaved, heat had been employe ^ in 
the course of its manufacture. The s 03 Tnilk Avas warmed before driy- 
ing. Whole egg was used in the form of an omelet. The^ eggs, 
secured from one local source, did not vary appreciably in protein con- 
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tent as determined by nitrogen analyses. One brand of oleomargarine 
was employed tbrougbout the study; it was much lower in nitrogen 
than butter. Tbe cream (36%) was secured by special arrangement 
from a local dairy. The orange ,]iuce was prepared from] California 
Valencias or Florida oranges, depending on the season; the apples were 
largely Northern Spies. Dextrimaltose and sucrose were used to 
augment the carbohydrate calories. Salad dressing was always made 
from the same brands of commercial salad oil and distilled vinegar. 
One vitamin capsule ® daily provided 1.5 mg. of thiamine chloride, 2 
mg. of riboflavin, 1 mg. of calcium pantothenate, 10 mg. of niacin, 250 
pg. of pyridoxin, and yeast and liver extract. The gelatin shell of the 
capsule was not consumed with the vitamins. 

All analyses for nitrogen were made by tbe macro Kjeldabl method. 
Poods were sampled periodically and nitrogen determinations made 
on aliquots of pooled samples. Urine was analyzed daily for the last 
4 days of each period. Nitrogen analyses were made on the fecal ma- 
terial collected during each 6-day period. Charcoal markers taken' 
with the first meal of each period permitted separation of the feces of 
one period from those of another. The fresh feces were kept covered 
with ethanol containing 1% sulfuric acid until dried on the steam cone. 
Nitrogen determinations ivere made on aliquots of the ground dried 
material. 

For purposes of calculation of the biological value, the average daily 
nitrogen excretion in the feces and in tlie urine by subjects fed a 
soybean product diet was compared to that of the same subjects fed 
the comparable standard egg diet, according to the method of hlurlin 
and his associates (’41), details of which are shown in table 3. In 
most cases the daity averages were obtained from tbe data for two 
periods for each type of diet. In tbe experiment with diet squad II, foi’ 
instance, diets were eaten in the following order: preliminary egg, 
whole soybean, standard egg, whole soybean, soymilk, standard egg, 
soymilk. Tbe daily average nitrogen excretion during the two whole 
soybean periods was compared in the presci’ibed manner ivith that o 
the two standard egg periods; the daily average nitrogen excretion 
during the two soymilk periods was similarly compared. Tlie ni'hiaii 
excretion of nitrogen during the two standard egg periods was no 
identical — sometimes a few decigrams less nitrogen was excre e 
in the second period by a given individual than in the first, soraetinies 

’Wc are indebted to Mead .Tobnson and Company for the Dextrimaltose no. 1 used 
these experiments. 

•Kindly provided by the Gelatin Products Company, 
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^ vice versa. In some instances data were available for certain subjects 
for only one period in wbicli a certain type of diet was eaten. Thus in 
the first diet squad experiment four individuals ate whole , soybeLs 
for one period instead of the usual two and the daily averages for this 
one foqd product were based on one period for these subjects. Similarly 
the subjects of diet squad III ate the standard egg diet for only one 
period ovdng to the untimely interruption of the experiment by the 
Detroit race riot. 

DISCUSSION or RESULTS 

The values for the true digestibility and for the biological value of 
soya products tested are given in table 3 for each of the experimental 
subjects. The data in table 3 show little variation in the average protein 
digestibility between the soybean products used in this .study. The 
average values for autoclaved whole soybeans, autoclaved soyflour, 
and soymilk are 90.5, 94.0, and 89.6%, respectively. For purposes of 
comparison it may be mentioned that Tso and Chu (’31), in studies 
with infants, recorded values averaging 80% when soya protein was 
fed in the form of soybean “milk.” 

The average biological values for maintenance for the three soya 
products are not widely dissimilar, being 94.5% for the protein in 
cooked whole soybeans, 91.7% for cooked soybean flour, and 95.3% 
for soybean “milk.” It is noteworthy for purposes of , comparison 
that the biological values for maintenance of the protein of a wheat 
cereal biscuit, a whole wheat bread, and a white bread as determined 
by the method employed in the present study were 81.6%, 77.8%, and 
74.6%, respectively (Murlin, Marshall, and Kochakian, ’41). 

The comparatively high biological value of soybean protein as de- 
termined in our studies with human .subjects is in accord with the 
the results of investigations with animals which have given evidence 
of the good nutritional qualities of the protein of this legume. Not 
. only is suitably prepared soybean iirotein capable, as the sole source 
of protein in the diet, of supporting good growth in experimental 
animals, but soy-bean flour supplements greatly improve the nutritive 
value of patent flour (Jones and Devine, ’42). 

It is well known that the biological value of dried uncooked soybean 
protein may be improved by a certain degree of heating (Johnson, 
Parsons, and Steenbock, ’39). No attempt was made in the present 
study to assess the effect of heat on the biological value of protein 
in the soybean products eaten. The whole soybeans and the soybean 
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Sour used in our experiments were cooked (autoclaved) for tlic prac- 
tical purpose of making tliem palatable. 

The nitrogen balances calculated for tbe different e.xporimental 
periods indicated that the level of protein in the experimental diets 
was well-suited to bring out ditferences between the egg protein and 
the protein of the various soybean products studied. The average 
daily nitrogen balance for all of the egg diet periods was ri- 0./87 
gm., while tbe comparable balance values for the whole soybean, 
soyflonr, and soymilk diets were — 0.147, -f 0.298, and — 0.162 gin., 
respectively. As shown in table 3, tbe subjects e.vcreted more nitrogen 
in the feces when fed the soya product diets than when fed the standard 
egg diet. This finding was in part responsible for the less favorable 
nitrogen balances observed when soybean diets were consumed. Rose 
and MacLeod (’25) observed that the “cost of digestion,” as assessed 
by the excretion of fecal nitrogen, was greater for soybean curd than 
for the protein in meat, and in bread and milk. 

Both the digestibility and the biological value of a protein are 
important, of course, in determining its over-all nutritive value. By 
multiplying tbe digestibility by tbe biological value a quantitative e.v- 
pression is obtained which might be termed tbe nutritive index. The 
comparative nutritive index of the protein in whole cooked soybeans, 
as determined in the present maintenance experiments, i.s 0.9 multiplied 
by 94.5%, or 85 compared to egg taken as 100.® Although the exigen- 
cies of digestion and consequent loss of nitrogen in the feces reduce 
somewhat the gross nutritive value of the soya protein, the soybean 
appears to be a valuable adjunct to the more common soui'ces of diet- 
ary protein. 

sirauiABY 

The average true digestibility in adult human subjects of the protein 
in cooked whole soybeans, in cooked soybean flour, and in soyhean milk 
was found to be 90.5%, 94.0%, and 89.6%, respectively. 

The average biological value of soybean protein for maintenance in 
adult human subjects, as determined by tbe method of Jfuriin ot al. 
(’41) in which the protein of whole egg is employed as a standard, 
was found to be 94.5% for the protein in cooked whole soybeans, 91.7% 
for that in cooked soyflonr, and 95.3% for that in a commercial sov- 
hean“milk.” 


A vatae of 100 tooM presoppo,, „Qt only tompleto dlgranbiUt;- „f ori; protein but 
alro a -biological value ot 100%. Actnall}-, the average Wotogicai value ot the protein ot 
rtole egg, as detcrniined in eaperiments mil, j^ong rate (Jmchell and Carmen w(il is 
0«. The true nutritive index ot phole egg protein, as Jn „,at p, .il 

IS, tlietelore, somcivliat loner than the raloe given in the text. ’ 
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Under the conditions of the present study less favorable nitro'Tii 
balances were observed when the experimental subjects were fed diets 
containing soybean products than Avhen they were fed a standard egg 
diet, owing largely- to greater loss of soybean nitrogen in the feces. 
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Although cholino ami isyritloxinc arc rccognizctl as essential fac- 
tors for uormal animal metabolism tlicro is a paucity of infonnatioii 
coiicenuug the distribution of these substances even in the main dietary 
constituents. Since chemical niul microbiological methods for the de- 
termination of choline (Engel, M'd) and pyridoxine (Atkin et ah, ’-td) 
were available, wo have used these methods to determine the cholino 
and pyridoxine content of a nnmher of fresh, cooked and commer- 
cially prepared meats. 

EXl'EniMENTAI, 

The methods of prepai'ing the samplo.s have l>een reported !)i’C'viously 
(Jlcintire et ah, ’43), (Schweigort ct ah, ’44) and (Mclntire et al, 
’44). Ail fletenninations were made on undried fresh and cooked 
meats. Values reported on the dry hashs jvere ealcnlated from re.siilt.s 
of the dotenninatious on fresh meats. 

The method used for the determination of eholinc was cs.so!itially 
that reported by Engel (’42). Samples of fresh and cooked meats 
were minced finely and extracted over night with boiling raotlmnoh 
The nlcoJiol e.xtracts were evaporated to dryness on a steam bath, and 
the residues were saponified for 2 hours with boiling aqueous b.n-ium 
hydroxide. After saponification the barium soaps were filtei'cd off, 
and the choline was precipitated as clioliuc roincckate by adding a ml. 
of an alcoholic solution of 2% ammonium reineckato to the filtrate. 
Complete precipitation of the clioliue reineckate was as.siired bv al- 
lowing tlie mixture to stand in a — i'C. cold room for 12 hoiir.s. The 
bright red clioline reineckate precipitate wa.s then wa.shed with 2-0 
ml, portions of cold ethanol and water until the washing!; were fi-ee of 
color. The choline reineckate was dissolved in ap])roximato!y l.j ml of 
acetone and the coneentration determined by measuring the donaitv 

PoWislm! Hip ,i|iproviU of tlip Director of Hie Wiseoiein AKrieiilliiral Exiierimeiit 

Siipppitpil ill pait bv o grout fioni tlie Nation.ol Live Stock .'iml Jrpitt Tioonl ' 
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of the color in an Evelyn colorimeter. This method proved very satis- 
factory and duplicate determinations with few exceptions chocked 
within 5%. 

A modification of the yeast method of Atkin et al. (’43) was used 
for the determination of pyridoxine. Yeast cultures were grown in 
125 ml. Erlenmeyer flasks in a 30° C. incubator wdtliout shaking for 19 
hours, hlaximum liberation of the pyu-idoxine was attained when the 
meat samples were autoclaved for 1 hour at 20 lbs. pressure in 180 ml. 
of 0.1 N HCl. Recoveries varying from 83 to 101% were obtained under 
these conditions. Considerable variation was observed in duplicate 
analyses although all values recorded in this paper were cheeked 
within 10% . The choline and pyridoxine contents of veal, lamb, pork, 
and beef as avoII as several special organs and commercially prepared 
meats were determined (table 1). 

DISCUSSION 

Choline values for the various meats agree with the available values 
reported by Engel ( ’43), who has made a general survey of the choline 
content of animal and plant products. Our values for roast veal were 
133 to 144 mg,, for lamb chops 76 mg., and for ham 101 to 129 mg. of 
choline per hundred grams of meat compared to 113 mg. for veal roast, 
106 mg. for lamb chops, and 88 mg. per hundred grams for ham reported 
by Engel. Our choline values for kidney and liver, 240 to 280 mg. 
and 470 to 570 mg. per hundred grams compare with 330 and 486 to 708 
mg. of choline per hundred grams of kidney and liver reported by Engel. 

Most pyridoxine values obtained in this work are in good agreement 
rvith those obtained by Henderson et ah (’41) rvith the rat assay 
method, although some of our values for the muscle meats are slighth 
lower. These discrepancies are attributed to the fact that fat was 
trimmed from the meats assaymd by Henderson et al. They reported 
0.3 mg. of pyridoxine for lamb muscle, 0.59 mg. for ham, and 0.4 mg. 
for veal per hundred grams. The range of our values for these meats 
are 0.22 to 0.33 mg. for lamb, 0.25 to 0.37 mg. for ham and 0.25 to 0,45 
mg./lOO gm. for veal. The values for organ meats are in good agicm 
ment wfith the values reported by' Henderson et al. < ’41 ) which are 0.4 
mg. of pywidoxine for beef kidney', 0.24 mg. for beef heart, 0.73 mg. 
for beef liver and 0.12 ing./lOO gm. for beef tongue. Our corresponding 
values for these meats Avere 0.36 to 0.42 mg. for beef kidney, 0.29 me.- 
for veal heart, 0.5 to 0.99 mg. for beef liver and 0.13 mg. TOO gm. oi 
beef tongue. 
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Vifaniin loteiitioii studies were carried out after cooking veal and 
lamb and curing ham. The method for caicnlating retentions has been 
previously described (Jlclntire et al. ’43a). The veal samples wore 
roasted, braised and stewed and the lamb samples wore roasted, 
broiled, and stewed. 

The destruction or leaching of choline from the meats during any of 
the cooking or curing processes is negligible since 87 to 114^ of the 
choline was retained in the meat. 


TABLE 1 


Chnhnf and purUloxinc fontent of vifatn. 

(mfi./lOO 





CItOUS'E 

1 


rvsiooxis’E 


sorrj.E 

FrrOi 

1 

Dry 


Fr.- 


1 Drj- 


Venl 

Ran^c 

Avg 

Range j 

A.g • 

Ranee 

1 Aic. 

1 Ranee 1 

i 1 

Avg. 

Leg 

95-108 

102 

36(M32 

389 

.34-.41 

0.37 

1.3 -1.6 . 

1.4 

Roa^t leg 

125-141 

132 

338-392 

360 

.20-.21 

0.20 

.50- .57 

.03 

SliOuWer 

83-100 

93 

268-373 ' 

337 

,25-.38 

.30 

i .81-1.4 

1.1 

Roast slioolder 

133-143 

139 ; 

310-376 

343 

.12-.15 

.14 

^ .30- .37 

.33 

Sirloin elioii 

87-105 

90 

242-404 ■ 

317 

.36-.45 

.41 

' 1.0 -1.7 

1.4 

Braised rlioj) 

128-157 

140 

j 242-342 

285 > 

.10-.12 

.11 

.23- .24 

.23 

Shoulder chop 

92-101 

97 

307-422 

376 

.32-.38 

.35 

1.1 -1.4 

1.2 

Braised chop 

149-1S6 

154 

317-400 

366 

.11-.14 

.12 

.22- .34 

.28 

Stew meat 

94-100 

96 

! 336-400 ; 

367 

.32-.34 

.33 

; l3 

1.3 

Cooked stew 

137-149 

142 

i 360-378 1 

370 

,09-.10 

.10 

’ .24- .27 

.26 


L»]]>b 


Leg 

73- 92 

84 

262-317 

290 

.24-.33 

.29 

.80-1.1 

.93 

Roast 

122-124 

123 

284-295 

290 

.10-.13 ' 

.12 , 

.23- .31 

**7 

Sirloin eliop 

75- 77 

76 

179-198 

189 

.21-.22 

.22 ' 

.50- .56 ; 

.53 

Drolled chop 

100-126 

113 

204-252 

228 

.08-.13 

.11 ' 

.17- .26 


Stew meat 

76- 82 

79 

222-230 

226 

.22— .23 

.23 , 

.62- .06 

.64 

Cooked -^tew 

116-128 

122 

247-291 

269 

.05~.0G 

.06 ' 

.11- .14 

.13 

Pork 









Ham 

101-129 

120 



.23— .37 

.33 



Cured ham 

98-129 

JOO 



.15-.21 

.19 i 



Beef 









Liver 

470-570 

510 



.50-,99 

.71 



Round 

65- 70 

68 



.31-.43 

.37 ' 



Tongue 

108 

108 



,13 

.13 ' 



Heait 

170 

170 

t 


.29 

.29 ' 



Rr.'tised iieart 

200-275 

238 







Kidney 

240-284 

262 

! 


.3C-.42 

.39 ; 



Brain 

399-420 

410 

1 


.16 

.16 ; 




Mist'ollnneous 


Bologna 

60 

60 ; 


Frankfurters 

57 

57 

.13 

Pork links 

48 

48 ' 

Canadian haenn 

SO 

80 
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A low pyricloxine retention in meat after cooking was quite sur- 
prising- in view of the fact that this vitamin is considered to t)e one 
of the heat stable members of the B complex. Retentions of pyricloxine 
in the meat after various cooking methods ranged from U to 42% 
and retention in ham after curing averaged 57%. A few of the drippini^s 
from the cooked meat were available for analysis, hut all were fouiicrto 
contain less than 6 % of the total vitamin in the meat. A summary of tlio 
pyridoxiue retention studies is shown in table 2, 


TABLE 2 

ISetentinn of pyridoxine in ment. (ATI values Ut f/r.j 



VEAlh 




1 

1 HA5I 

Hoastiiig 

BraisiUK | 

Stewing 

Roastinp 

Broiling j 

StcwinR 

1 Curinff 

41 

19 

18 

28 

o 

IS 

! 53 

30 

22 

18 

29 

28 

14 

l ® 

42 

ir 





5S 

20 

22 





' 5S 

31 

15 



; 



29 

20 





1 

Avg. 34 

19 

18 

28.5 

”34 

10 ' 

57 


A few correlations between the type of cooking and the pyricloxine 
retention are apparent. Roasting and broiling resulted in Ihgliev re- 
tention than stewing and braising. The average retention after roasting 
veal was 34% and after roasting lamb 28%. After broiling lamb tlie 
average amount of p,yridoxine retained xvas 34%. The reteutwu 
after stewing veal and lamb was 18 and 16%, respectively, while reten- 
tion after braising veal xvas 18%. 

Similar correlations were found for thiamine retention in veal anc 
lamb after these cooking processes (hlelntire et ah, ’43). It Avas sng- 
gested at that time that the extr-acting action on the meat of the con- 
densing vapors and surrounding liquid during the braising and siev- 
ing lorocesses aa^s responsible for the greater thiamine losses lon 
the meat. The pyridoxine retentions after these cooking processes 
can also be explained on this basis. 

SUMMABY 

A survey" of the choline and pyridoxine content of veal, larirh, 
beef, special organ meats, and commercially prepared meats las e 
made. IMuscle meats contain from 0.22 to 0.45 ing. of pync . 

70 to 144 mg. of choline per hundred grams. Kidney, heart ant 

are someAA’hat higher. 
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Tlie vitamin retention after curing and cooking vas studied. Bo- 
trveen 87 and 114% clioline retention was observed while the pyridox- 
iue retention ranged from 14 to 42% after cooking. An avornge of 
oTtt of tlie pyridoxino was retained in ham after curing. 
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A strain diSerencG in tlie developnieut of catnvact bas been reported 
in the rat both in relation to the time of onset and to the degree of inci- 
dence folloiving lactose feeding (Mitchell, ’36). Further studios have 
deinoBstrated that the eataractogenie properties of these rations were 
not due to lactose per sc but rather to galactose liberated from this 
sugar on hydrolysis (Mitchell, ’35; Day, ’36). In the present communi- 
cation we rvish to report the inadequacy of lactose and beta-lactose ’ ns 
the sole dietary carbohydrate in purified rations for the rat, an inade- 
quacy varying both in e.vtent and degree with the strain and not shared 
by galactose, glucose, sucrose or corn starch when one of the latter re- 
places lactose or beta-lactose in the ration. 

raooEDURE Axn results 

Two strains of rats were employed in the present e.vperhnent: (1) 
animals of the Long- Evans strain (both colored and albino) ; and (2) 
animals of the U.S.C. strain - (albino). At weaning (21-23 days) litter 
mates of both sexes were placed on eight different dietary regime.s 
(table 1). Sermn groups of rats were maintained on diets differing 
solely in composition of dietary carbohj-drnte and an eighth group (H) 
wa.s maintained on Purina dog chow which was supplemented once a 
week with lettuce, A total of ninety-four Long-Evans and sixty-four 
U.S.C. rats were employed in the following experiment. 

After 72 hours on the feeding regimes, Long-Evans rats on the beta- 
lactose ration differed markedly from litter mates on control diet.s or 
animals of the U.S.C. strain on the same diet. Ingestion of the beta- 
lactose ration resulted in a syndrome consisting of severe diarrhea, 

' Beta-l.ictose or anhydrous lactose is formed by cryetallisinB hactosc at a temperature -of 
93.5'C. It is a white crystaUme powder, sweeter than toctose, and about twice as soluble as die 
latter In water. In the presence of water at 75*0. it Rradually relerts to ordinary lactose.' " ' 

* A modified Wistar strain. 
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able from litter mates on control rations, with the exception of retarded 
growth. Subsequent to this period, symptoms similar to those in the 
Long-Evans strain developed. In general, alopecia was not as marked 
as in the latter strain; only i of the rats exhibited thinning or loss of 
fur mth the affected area pi-imarily the lower back and abdomen. At 
autopsy the only gross abnormality observed was a marked dilation of 
the cecum ® approaching twenty times its extent in litter mate controls. 
No significant difference was observed between the two strains after 
feeding the other diets. 

Effects of previous diet on beta-lactose feeding 

Ten Long-Evans rats were placed at weaning on rations E and B 
(five animals per group) . Both diets were fed ad libitum. After 28 days 
of feeding rats were transferred to a beta-lactose ration (diet B). Ko 
significant difference in response was noted between the two groups. 
Survival averaged 14 3 days. By the seventh day alopecia was 

marked in both series, animals developed acute diarrhea, lost weight 
rapidly, and at autopsy averaged 30% less than when placed on the 
beta-lactose ration. There is some evidence that the age at which rats 
were started on the beta-lactose ration affected response to feeding. 
Wlren rats were placed on a beta-lactose ration at weaning, survival 
averaged 4.9 days ; when placed on the ration at 49 days of age, sur- 
vival averaged 14 days; when started at 150 days of age (three rafs) 
animals remained free of symptoms for 28 days at which tune feeding 
was discontinued. 

Effects of previous maternal diet on lactose and beta-lactose 

feeding of young 

The experimental animals of the following series consisted of young 
born to mothers of the U.S.C. strain that (1) had been raised from 
weaning on a stock diet and bred on the same ration (Deuel et al, > Jh 
(2) raised from weaning on a stock diet but changed to a Sherman le 
2 months before mating (I), and (3) raised from weaning and hrec on 
a Sherman diet for nine generations (II). At weaning the young weie 
placed on rations A and B which were fed ad libitum. 

No significant difference was observed at autopsy in animals 
on lactose or heta-lactose rations regardless of the previous die o 
the parents. With the exception of young horn on a stock diet, low 

’We wish to express our sincere appreciation to Professor E. M. Hall, Deparfmcn 
Pathology, University of Southern California Medical School, for his help at autopsy. 
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ever, a certain porconfage of rats placed on lactose or beta-lactose ra- 
tions snn'ivcd 8 weeks of feeding at wbieb time the feeding was 
discontinued. Subsequent to tlie third week a marked improvement 
occurred in those rats which did survive, the animals gained weight, 
new hair replaced the areas of alopecia, and diarrhea improved. 

TABLE 3 


nt effect of malornai diet on Jiim'iol nftfr (rainfcmn,? K-fonfa rats ta lactase ar beta-lnctose 

diets. 


rRrvious 

«ATERNAM>rer 

or 

AinJJ 

rEKCEKrAOE 

or AVlMAtiS 
priKO 

AVrKAOB 
SITVIVAL 1 

Tijccor , 

DECEDEXTS * 

rr-Rcr-sT^nr. 
or wniMs 
SVE^^VINC 

Lactose tests (A) 

Slock diet 

32 

i 100 

j 2.1.8 rt 0.7 

0 

ShermsH I 

10 

1 

17.1 ± 2.8 

30 

Sherman II j 

10 

60 

j 24.7 ± 0.0 

40 

Beta-lactose tests (B) 




Stock diet 1 

12 

1 100 

) il.B * O.ft 

0 

Sherman I ! 

10 

80 

j JC.l i: 2.2 

20 

Sherman II | 

17 

47 

1 21.2*2.0 

5:1 


‘Incluaing standard error of the mciiii calculated ns follows: trhere “d’* ts tlic 

deviation from the mean and **n’Ma the number of observations. 


Failure of suiwival on lactose or hcta-lacto.se rations in rat.s born on 
a stock diet as compared rvith the control series appears to be signifi- 
cant, hut the number of animals in each group is too small to permit a 
final statement on this matter. Of animals that failed to .suiwive these 
rations no protective action on length of survival was noted that could 
be attributed to the previous maternal diet. 

Effect of dietary nupplements on beta-lactose feeding 

The recent report by Boutwell et al. (’43, ’44), that butter fat is 
superior to corn oil in promoting growth of rats maintained on purified 
rations containing lactose as the .sole carbohydrate, suggested a possible 
interrelationship between the beta-lactose sjmdrome and dietary fat. 
Accordingly, corn oil was omitted from the ration and butter fat, oleo- 
margarine, and lard incorporated to the e.xtent of 10% of the diet re- 
placing a similar quantity of beta-lactose. Groups of four rats each of 
the Long-Bvans strain were placed on the above diets at weaning and 
fed the ration ad libitum. Animals receiving the lard supplement sur- 
vived an average of 2.4 days, those receiving oleomargarine 3 days 
and those on the hntter fat supplement 3.2 days. Butter fat, oleo- 
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able from litter mates on control rations, with the exception of retarded 
growth. Subsequent to this period, symptoms similar to those in the 
Long-Evans strain developed. In general, alopecia was not as marked 
as in the latter strain ; only i of the rats exhibited thinning or loss of 
fur mth the affected area primarily the lower back and abdomen. At 
autopsy the only gross abnormality observed was a marked dilation of 
tbe cecum ® approaching twenty times its extent in litter mate controls. 
No significant difference was observed between the two strains after 
feeding the other diets. 

Effects of previous diet on beta-lactose feeding 

Ten Long-Evans rats were placed at weaning on rations E and H 
(five animals per group) , Both diets were fed ad libitum. After 28 days 
of feeding rats were transferred to a beta-lactose ration (diet B). Xo 
significant difference in response was noted between the two groups, 
Survival averaged 14 ± 3 days. By the seventh day alopecia was 
marked in both series, animals developed acute diarrhea, lost weight 
rapidly, and at autopsy averaged dO<fo less than when placed on the 
beta-lactose ration. There is some evidence that the age at which rats 
were started on the beta-lactose ration affected response to feeding. 
Wlien rats were placed on a beta-lactose ration at weaning, sundval 
averaged 4.9 days ; when placed on the ration at 49 days of age, sur- 
vival averaged 14 days ; when started at 150 days of age (three rats) 
animals remained free of symptoms for 28 days at which time feeding 
was discontinued. 

Effects of previous maternal diet on lactose and beta-lactose 

feeding of young 

The experimental animals of the following series consisted of young 
born to mothers of the U.S.C. strain that (1) had been rai-sed from 
weaning on a stock diet and bred on tbe same ration (Deuel et al., - 
(2) raised from weaning on a stock diet but changed to a Sherman die 
2 months before mating (I), and (3) raised from weaning and btec on 
a Sherman diet for nine generations (II). At weaning the young 
placed on rations A and B which were fed ad libitum. _ . ^ 

No significant difference was observed at autopsy in animals pOc 
on lactose or beta-lactose rations regardless of tbe previous cm o 
the parents. With the exception of young born on a stock diet, ww 

’We wisTi to express our sincere appreciation to Professor B. M. Hall, Uepartm 
Pathologj’, University of Southern California Medical School, for his help at autopsj- 
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liyclrafe portion of tlie diet, the previous dietary history of the pnrcnts 
or such environiuental conditions ns temperature and humidity. 

iniether strain differences alone could account for the above dis- 
crepancies is problematical although there is considerable evidence to 
indicate that rats of different strains may respond differently to the 
same dietaiy.’" Long-Evans rats on a beta-lactose ration developed acute 
diarrhea within 24 hours of the initial feeding; U.S.C. rats on the same 
ration remained free of diarrhea for at least 8 days. Long-Evans rats 
on a beta-lactose ration survived an average of 4.9 days witli 100% 
mortality; U.S.C. rats on the same ration survived 20 days with 28% 
showing spontaneous recovery and freedom from symptoms. Fifty 
per cent of the Long-Evans rats on a beta-lactose ration developed 
alopecia ; U.S.C. rats on the same diet developed this condition in only 
half this number. Similar discrepancies wore observed in respect to 
lactose feeding. 

The pathologies observed on lactose and beta-lactose rations sug- 
gested the possibility of alterations in the intestinal flora acting as a 
contributory factor in these conditions. It lias long been known that lac- 
tose feeding brings about changes in the pH of the contents of the whole 
intestinal tract b^ow the dnodemim (Hudson and Parr, ’24; Hobiuson 
and Duncan, ’31) and favors the development of an acidophilic flora 
(Kettger and Cbeplin, ’23; Hudson and Parr, ’24). Such changes have 
not been observed in diets containing glucose, sucrose, galactose or corn 
starcb in place of the lactose. Inasmuch as microorganisms present in 
the intestinal tract are known to produce biotin, folio add, inositol, 
and other members of the vitamin B complex in addition to vitamin K, 
the possibility of alterations of the intestinal flora from the normally 
proteolytic to the acidophilic type precipitating nutritional deficiencies 
either through failure of intestinal synthesis or through increased utili- 
zation of factors already present is worthy of further consideration. 
Bontwell et al. (’43) and fiver ct nl. (’43) have suggested essentially 
the same possibilities. An analysis of earlier diets utilizing lactose or 
beta-lactose as the sole dietary’ carbohydrate has revealed the fact that 
in almost every case natural sources of the vitamin B complex were 
employed in addition to nnextracted casein and fats such as lard or 
Cvisco. The possibility of nutritional factors being present in these 
materials in sufficient concentration to make good any deficienev re- 
sulting from alterations in the intestinal flora has not been excluded. 

•' EsiKTimets are now in ptogre,, ,viH. tte SproKnc-Baivley rat. Prelimin,-ir}- reanlfa imlirate 
that rt,o rttvelopment of diarrliea in tl.is strain on dints A .and B is simil.ir in nstent and time 
uf nppearjiHce to that observed 5« the tT.S,C. strftin. 
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The findings of Boutwell at ah (’43, ’44) and GeyQr et al. (’43) that 
butter fat and lard are superior to corn oil in promoting growth of rats 
receiving lactose as the sole carbohydrate would seem to indicate this 
very condition although Deuel' et al. (’44) have noted no differences in 
nutritive values of butter fat and various vegetable fats when fed Eith 
skimmed milk powder. Geyer et al. ( ’43) have noted that rats main- 
tained on a purified ration containing 48% lactose and 28% corn oil 
developed “rough and discolored fur coats, blood-stained noses and 
scaly paws (w^hen the humidity was not abnormally high).” In their 
most i*ecent report, Boutwell et al. { ’44) have reported the occurrence 
of alopecia on a similar ration. Xielsen and Black ( ’44) employing diets 
containing 73% lactose and 5% corn oil reported kidney damage and 
many early deaths. 

That alterations of the intestinal flora are not the sole or even the 
predominant factors involved in precipitating the “beta-lactose syn- 
drome” might be indicated, however, by the failure of dietary supple- 
ments to modify the response to beta-lactose feeding in the Long-Brans 
rat. Butter fat, oleomargarine, lard, wheat germ oil, cream, biotin, 
and brewer’s yeast were all ineffective in promoting survival or pro- 
longing the appearance of symptoms. Of all the substances tested only 
liver gave some indication of a protective effect. Furthermore, the 
rapidity with which symptoms developed suggested that some factor 
other than altered intestinal synthesis is involved. Mitchell and co- 
workers (’39) have pointed out that the presence of the gluconate 
radical either as the sodium or calcium salt inhibits utilization of lac- 
tose by the rat. According to these workers the gluconate ion inhibited 
lactase activity in the intestinal tract resulting in definite toxic symp- 
toms, retarded gro%si:Ii, poor survival, moderate to severe diarrhea 
and lowmred blood sugar. In the present study data on blood sugar 
and lactase activity' of the intestinal tract are lacking, but further 
studies on the effects of substances either of dietary or intestinal origin 
inhibiting lactase activity might provide information on the mechanism 
involved in the beta-lactose syndrome. 

Variations in lactase activity might also be a factor in explaining 
strain differences. There is evidence to indicate that the diarrhea re- 
sulting from ingestion of lactose or beta-lactose is related to failure o 
enzymatic hydrolysis and the excess of lactose remaining as such in t e 
alimentary tract. Failure of pectin and apple powder to counterac 
the diarrliea resulting from ingestion of beta-lactose rations would e 
consistent with this hypothesis. Inasmuch as the Long-Evans rat e- 
veloped acute diarrhea ivithin 24 hours after ingesting a heta-lactose 
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ration, contrasting witl> 8 and 10 days necessary for this condition to 
develop in the U.S.C. rat, differences in lactase activity of the two bieecis 
might he expected. Further variations in lactase activity might he ex- 
pected in U.S.C. rats e.xMbiting spontaneous recovery on a lactose or 
beta-lactose ration as contrasted with litter mates dying on the same 
diet. 

SOMSUKY 

Male and female rats of the Long-Evans and U.S.C. strains wore 
placed at weaning on purified rations containing lactose, heta-lnctose, 
glucose, galactose, sucrose and corn starch as the sole source of cai’bo- 
hydrate. The following observations were made : (1) rats failed to sur- 
vive on purified rations containing lactose or beta-lactose ns the sole 
carbohydrate; (2) rat.s developed alopecia when fed the above lactose 
or beta-lactose rations; (3) a strain difference was observed in the inci- 
dence and degree of alopecia as well as the length of survival of rats 
fed lactose or beta-lactose rations; (4) rats ted a beta-lactose i-alion 
died sooner and developed mote severe alopecia than those fed a lactose 
diet; (5) length of survival was correlated with severity of diarrhea; 
and (6) a relationship was observed between degree of mortality and 
previous maternal diet. 
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(Received for publication June 9, 1944) 

Kolatively few studies have been made on the vitainhi content of 
developing eggs. Suomalaincn ( ’39 a) found that the vitamin A con- 
tent decreased while vitamin C was synthesized (Suomalaincn, ’39 b). 
Snell and Quarles (’41) followed the concentration of several of the 
vitamins of the B complex in hen eggs during incubation. They re- 
ported that nicotinic acid and inositol wore synthesized, but the total 
amount of pantothenic acid, riboflavin and biotin remained essentially 
unchanged. Woolley (’42) reported that the total content of inositol 
in the hen egg does not increase during incubation but the proportion of 
the total amount which is free and extractable by water does. 

Williams, Taylor and Cheldelin (’41) have ob.served the B vitamin 
content of rat and chick organs at several different ages. Marked dif- 
ferences were found in the thiamine content of the various organs of 
the 15-day cmbi-yo when compared with those of the young chick. The 
present study was undertaken to determine the effect of incubation on 
the thiamine content of the egg. In order to do this, the entire content 
of the egg at various stages of development was analyzed. 

IVhile this study was in progress, the work of AVestenbrink and Van 
Leer (’41) became available in abstract form. They approached the 
problem by studying separately the drop in the total thiamine in the 
yolk and the increase in thiamine content of the developing embrj'o. 
They concluded that a considerable part of the thiamine originally in 
the egg fails to appear in the embiwo and is, therefore, apparently lost 
during development. 

In our assays of the total thiamine content of the egg we have found 
no significant change in either fertilized or sterile eggs during the 3 
weeks at 37-38°C. required for normal development. 

‘ Aiactl by a Research Fellowship from Swift and Company, CJiicago Illinois. 
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The eggs from A\Tiite Leghorn hens were supplied by Eoger’s Farms, 
a commercial hatchery. The eggs were weighed and placed in a Waring 
Blendor. The weights of the' empty shells with their shell membranes 
were also recorded. After blending, 40 gm. were suspended in 250 ml, 
to give a convenient dilution for our assay procedure. At first solutions 
were made acid to litmus and autoclaved for 15 minutes at 15 pounds 
(Schultz, Atkin and Frey, ’37). This resulted in some destruction of 
thiamine in the samples. Eventually it was found best to adjust the 
sample to pH 5.00 and autoclave for 10 minutes at 10 pounds. Samples 
thus prepared could be stored at 4°C. for several weeks without loss of 
thiamine activity. 

All assays were carried out hy the modification of the macro fermenta- 
tion method of Schultz et al. (’42), as described by Scrimshaw and 
Stewart ('44). All values repi'esent the average of at least two assay 
runs. When the agreement between these two runs was not satisfac- 
tory or when the values seemed to represent significant variations from 
the average, additional assays were carried out. 

Four series of incubated eggs were studied utilizing eggs laid in May, 
1943, January, February and Ajiril, 1944. Both sterile and fertile eggs 
were assayed in the first three series. Samples which were mixtures of 
four eggs were used throughout except for the study of the variation 
in individual unincubated eggs in series I. In series I and III Controls 
were also kept at room temperature. Series III also had controls at 
5°G. Series IV was planned primarily to check the previous findings 
on the thiamine content of fertile eggs during the last 5 days of incu- 
bation. . 

The variation in thiamine content of fresh hen eggs is shown in tabic 
1. In series I the thiamine content of the whole egg varied from 62 to 
93 pg./lOO gm. WMren this was calculated on the basis of the total 
thiamine per egg, the variation was still from 35 to 56 pg. per egg. Pre- 
sumably the thiamine in the eggs varied more in the 1944 assays be- 
cause the four egg samples of series II and III show about the same 
variation as the one egg samples of the previous spring. The average 
thiamine content was observed to vary from one series to the next. Tlie 
May, 1943, (series I) eggs were distinctly lower in the thiamiue con- 
tent than those of the April, 1944 (series IV), being 79 pg'./lOO gm. ns 

compared with 110 (table 2). _ i o AI 

The results of assays on developing eggs are recorded in table A- 
though considerable variation was found ivithin a series, no signincan 
decrease in the total thiamine content of the egg was apparent, n 
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series I, II, and III tlie 20- and 2I-daj' values are lower tlian the 15- and 
18-day values. However, they are still witliin the range of variation seen 
in the nnincuhated samples. In series IV the 16- and 20-day values were 
checked hy repeated assays on duplicate samples. The average values 
of 118 and 106 pg./lOO gm. of whole egg fail to indicate a significant 
decrease in the total thiamine content. 

•VAhLZ 1 


Variation in thiamine content of fresh hen eggs. 
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TABLE 2 

T/n‘a«»in^ content of fertile incubated eggs. 
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Similarly, no significant change could be detected in sterile eggs 
which were kept in the incubator mth the developing ones (table 3). 
Control eggs kept at room temperature and at 5°C. likewise showed no 
decrease (table 3). The appai'ent -increase in the thiamine content of 
the 20-day eggs in these cases is not significant, 

TABLE 3 


Thiamine canteni of non-rievcJopinff eggs. 


1 


THIASIINE CONTEKr PEIl 100 OM. OF Erj« (SAJIPMS OF 4 F.OGS) 


DAYS 

STORED ) 

Sterile inculiated j 

Room temperature | 

Cold room 5*0. 


1 Series I 

Series III 

Series IIT 

Series HI 

I 
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fiff~ 1 

/Iff. j 

tiff. 

° 1 

79 

; 84 

84 

84 

3 
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i 

.. 

9 

1 72 I 

1 



12 

' 70 

i 



15 

j 78 i 

92 

83 

78 

20 

80 
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SUMMARY AND CONCLUSIONS 

The total amount of thiamine in hen eggs assayed by the macro fer- 
mentation method does not change during incubation. This differs 
somewhat from the conclusion of Westenbrink and Van Leer (’41) 
that thiamine disappears during incubation. The discrepancy probably 
lies in the fact that these workers assayed only the yolk and the embryo. 
Perhaps the thiamine content of the extra embryonic structures and 
fluids is sufficient to make up the difference reported by these workers. 

It was also found that the thiamine content does not change in sterie 
eggs kept at incubation temperatures for 3 weeks or in eggs kept for 
this period at room temperatures and at 
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Since tlie earl}- months of 1941 this laboratorj- has been carrying 
on experiments upon human subjects designed to bring out dietary 
factors which can influence to a measurable degree mnscnlar efficiency 
or endurance or both. The Krogh bicycle ergometer and the Benedict 
Universal respiration apparatus provided the moans of measuring the 
work done and the energy' metabolism. One misses from most of the 
recent publications on this subject precise data on either of these items. 

It was believed that the most favorable conditions for demonstrating 
alterations in efficiency and endurance would include the following: 
(1) The load and rate of work should bo kept constant from day to 
day. (2) Likewise no dietaiy factor e.veept the one under investiga- 
tion should bo allowed to vary significantly. (3) The subject should 
perform the identical work test time after time through, (a) a pei-iod 
of depletion of the vitamin by stages to very low levels until deteriora- 
tion of performance became clearly evident. With intelligent and con- 
scientious subjects one should not disregard subjective evidence of this 
state of deficiency and once it was established bj' unmistakable objec- 
tive (and sulijective) signs it should not be prolonged but should merge 
into (b) a period of gradual restoration until no further improvement 
could he discerned. 

Any ideal series of experiments conld readily be marred by the se- 
lection of nncooperative subjects or by an “edgy*’ relationsbip be- 
tween operator and subject. The few men who figure most promi- 
nently in this particular study were selected from ten or twelve young 
men who wore tried. Being of the more intelligent and more coopera- 

‘Tins sinJy wns snpportetl by a grant from the Continental Baking Company of New 
York City and is taken from a thesis presented by J. W. A. in partial fnlfillraent of the 
requirements for the Doctorate of Philosophy. 
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tive type of students they wei'e genuinely interested to learn their o\ra 
capacities and to score a “perfect run” every day. They were also on 
the best of terms with the operator (J. W. A.) who encouraged them 
with praise when it was deserved and made them feel they were part- 
ners in the investigation. 

The early papers on the role of thiamine in muscular work in man 
(McCormick, ’40; Gounelle, ’40; Morell, ’40;' Kraut and Droese, ’41; 
Droese, ’42 and others) apparently were optimistic to say the least. 
When a factor proves to be indispensable, a natural but uncritical at- 
titude often is that above the level of mere sufficiency one should find 
more and more superior performance. Eeceut results have dispelled 
this concept concerning thiamine in relation to muscular work. 

That thiamine is important in relation to exercise is seen clearly 
in the following investigations. Eestriction of thiamine to 0.15 pi. 
daily for female patients in a state hospital, as reported by Williams, 
Mason, Wilder and Smith (’40, ’42), produced after several months 
both physical and mental deterioration, the rate of appearance and se- 
verity of which definitely were augmented by physical exertion. Stan- 
dardized tests on a chest exerciser were not borne so well as on a normal 
diet. 

Further evidence of such a relationship is found in the work of 
Egana et al. (’42) who investigated the effects on seven healthy phy- 
sicians of a diet deficient in B-complex vitamins but adequate in calor- 
ies and proteins for periods up to 4 weeks. They report moderate 
deterioration of physical fitness in exhaustive exercise and particularly 
poor recuperation between repeated periods of such work. The dura- 
tion of an up-hill run which the subjects could tolerate was abnormally 
short in two of the three fittest subjects. At times the oxygen absoip- 
tion was found to increase slightly as deficiency progressecl and tlie 
authors inferred from this that the mechanical efficiency’^ was irapaiie , 
but the authors did not center their attention on this phase of the woi ' 
and apparently did not feel that impaired efficiency in the teebnica 
sense was demonstrated. Johnson et al. ( ’42) studied the effects o 
the same order of B-complex deficiency on ten men doing heavy lajoi. 
Marked deterioration in physical fitness made its appearance in 6 ays. 
Brewer’s yeast ^ in 18-gm. doses daily Completely relieved all symp 
toms of deficiency and the physical deterioration rvithin a .week. 
authors believe they definitely showed that thiamine alone of t e 
complex factors will not maintain full physical efficiency. 


’ Fleisclimann’s no. 2019. 
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Of a quite difforeut teuov are the experiments of Keys and Hen- 
schol (’41, ’42) who have made extended observations on soldiers in 
wliich the amount of work seems to have been adequately measured 
hut there is some doubt from their brief reports as published of the 
adequacy of measurement of respiratory metabolism. Their con- 
clusion is that neither in brief, extreme exercise nor in prolonged, 
sever-e exercise and semi-starvation was there an indication of any ef- 
fects, favorable or otherwise, of large daily supplements of thiamine 
chloride, riboflavin, nicotinic acid, pyridoxine, pantothenic acid, and 
ascorbic acid on muscular ability, endurance, resistance to fatigue, 
or recov.ery from exertion. In another eommnnioation Keys et al. ( ’43) 
concluded that no benefit of any kind was observed to be produced by 
intakes of more than 0.23 mg. of thiamine per 1000 cai. of the diet (0.7 
mg. for the average person daily). Even at the lowest level, muscular, 
neuro-muscular, cardio-vascular, psycho-motor and metabolic func- 
tions were in no way limited. 

A third group of workers, Foltz, l\w and Barhorka { ’42) have made 
observations both on the etfects of administration of extra B-complex 
vitamins and on depleted states (Barhorka et al. ’43). Tlie first study 
demonstrated that intravenous injection of B-complox vitamins did not 
influence recovery from fatigue or increase muscular efficiency in per- 
sons on adeqnate dicta. The 'second report showed that diets deficient 
in B-complex vitamins decrease work output in trained subjects; that 
early mild states of malnutrition with no objective evidence of deficiency 
disease do prevent maximum work efficiency; and that .subjective symp- 
toms of fatigue, ivritahility, lack of pep, anorexia and leg pains all dis- 
appeared and work output returned to normal or bettor within a few 
days following supplementation of the diet with B-complex vitamins 
(yeast concentrate). 

EXPERIMENTAL 

Experiments on the ergometer and respiration apparatus were con- 
ducted both in the post-absorptive and the post-eibal states. Briefly, 
each day’s experiment consisted: (1) in determining tlie resting energy 
metabolism of the subject for a 10-minute period during which be sat 
without pedalling on the ergometer; and (2) in determining the metab- 
olism for a 15-minute period of work and recovery, the subject pro- 
ducing work at the rate of 455-kg. meters per minute for 6 mimitcs of 
this period. This apportionment of time between active work and 
recovery from the oxygen debt was established after considerable study 
of the recovery of alveolar CO« as well as pulse and respiration rates. 
Bespiratory quotients were obtained and the ratio of work (in calories) 
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to energy expenditure due to work was calculated as net efficiency. If an 
endurance experiment was to be done on the same day it usually fol- 
lowed immediately after tbe muscular efficiency test. For tfie endur- 
ance test tbe subjects worked at rates varying between 1180- and 
1475-kg. meters per minute, until they became exhausted, but did 
not breathe into the respiration appparatus. That the subject really 
was exhausted was readily established once the subject’s characteristic 
performance was known. 

Eepeated checks were made of the Benedict Universal apparatus by 
combustion of alcohol in the system. Twenty such experiments gave 
an average E. Q. for ethyl alcohol of 0.666 ±; .04. 

The low vitamin diet used was selected especially for its low content 
of thiamine but, in all probability it was low in some of the other B- 
complex vitamins as well, A sample day’s diet is given in table 1. 
The total number of calories was about 3000, and the percentages of 
protein, fat, and carbohydrate were 12, 41, and 47, respectively. Ap- 
proximately 75 mg. of ascorbic acid were added to the diet daily. 
The estimated quantity of thiamine was 0.27 mg.® daily. A still lower 
thiamine diet (no, 3) was obtained later when the unenriched white 
bread was replaced with soda crackers. Analysis placed the level 
at 3 to 7 jjg. per 100 gm. of the food, which meant that the total day’s 
supply of thiamine in the modified diet was less than 0.15 mg. Also 
no butter fat was included in the modified diet and this resulted in an 


increased carbohydrate percentage. 

One hundred and eighty gm. of a peeled-wheat bread,'* from flour 
produced by the flotation process of Earle (Murlin, Marshall, and 
Kochakian, ’41), were substituted first for the unenriched white bread 
in diet no. 2 when it was desired to add B-complex vitamins to the diet 
in a natural product. This bread contains a greater quantity of the 
vitamins than the usual “whole wheat’’ bread made from flour con- 
taining less of the whole grain (Sealock and Livermore, ’43). Su se- 
quently the peeled-wheat bread was doubled in quantity, and, during 
this period, the carbohydrate calories from other foods^ in the le 
were decreased to compensate for the carbohydrate calories adde ^ } 
the extra 180 gm. of the peeled-wheat bread. The quantity of tlnauune 
added by’- the substitution of the 180 gm. of the peeled-wheat tea 
was about 0.55 mg. daily, or 1.0 mg. from 360 gm. of the breac. 


’All (IcteTminvitions of thiamine were made by Ur. N. S. Scrimshaw using the ‘ 

method of Schultz, Atkin and Frey { ’42) as modified by Scrimshaw and^ Stenar 
’This bread, known to the trade as “Staff,” was supplied hy the Continents !>• 
pany of Bochester, N. T. 
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table 1 

ioty Ujfflmlnc no. $. 
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198.0 

55.0 


Honey 
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0.4 
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9.8 
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11.5 
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£0 



80.0 
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00 

49.2 



00 

Peaches 
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45,1 

Coffee (1 cup) 











Total 


84.G 

367.4 

319.3 

93 

White bread 

GO 

Lunch 

22.3 

3.8 

102,7 

£7 

Butter fat 

25 


198.0 



Salmon 

100 

88.6 

108.0 



Polished rice 

55.6 

18.2 

1.4 

180.4 

18 

Beets 

100 

7.0 


41.0 

IS 

OUrea 

40 

1G.4 

81.0 

15.6 


Hooey 

33 

0.4 


5S.Q 

6 

Pears 

100 

3.6 

8.0 

217.2 

38 







Total 


156.5 

400.2 

G11.9 

127 

V.C.B. preparation 

10 

Dinner 


25.0 


WHiitc bread 

60 

22.3 

3.8 

102.7 

27 

Butter fut 

25 


108.0 



Sugar 

30 



120.0 


Cream cheese 

46 

4S.4 

146.0 

4.4 

19 

Cranberry jelly 

50 



143.5 


Honey 

33 

0,4 


55.0 

6 

Olives 

40 

16.4 

81.0 

15.6 


Gelatin 

5 

20.5 




Total 


108.0 

428.8 

466.2 

52 

Grand total 


349.1 

119C.4 

1397.4 

272 


*Thp V.C.B. preparation is a product mnnofactured hv tlic TTilker and Blotseh Co.. Chicago, 
It is stated as containing cane sugar, dextrose, concentrated fruit juices, essential oils, citric 
acid, artificial food color, and nacorbie acid, the latter in the amount of 3000 mg. for every 2g 

ounces, or about 3.8 mg. for every gram of the preparation. 
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Iff. m. 

min, scf. 

.89 

206/254 

1235/141.5 

18.30 

4001 

3' 23" 

' 3' ,16" 

.89 

198/229 

1227/1387 

18.01 

4268 

.89 

202/242 

1231/1401 

18.20 




Low thiamine diet 


4/14 

.87 

.95 

1.00 

216/249 

1278/1310 

19.74 

4032 

4/15 

.96 

.88 

.83 

231/242 

1153/1347 

19.57 

4248' 

4/16 

.79 

.94 

1.02 

220/278 

1197/1207 

22,08 

. 4858 

4/17 ■ 

;76 

.91 

1.01 

211/277 

1176/1233 

21.62 

4721 

4/18 

.92 

.94 

.95 

218/238 

1214/1283 

20.11 

5074 

4/19 

,83 

.98 

l.IO 

233/280 

1246/1203 

22.00 

4037 

4/20 

.84 

.96 

1.03 

222/263 

1106/1121 

23.90 

4799 

4/21 

.73 

.88 

.97 

189/259 

1191/1290 

20.10 

4838 

4/22 

.81 

.90 

.96 

206/254 

1181/1271 

20.64 

4799 

4/23 

.80 

.88 

.94 

197/247 

1171/1287 

20.32 

4759 

4/24 

.83 

.90 

.95 

206/248 

1154/1250 

21.02 

5625 

4/23 

.88 

.94 

.98 

199/226 

1191/1242 

20.58 

5506 

4/26 

.83 

.91 

.95 

215/258 

1150/1238 

21.38 

5290. 

4/27 

.88 

.94 

.97 

212/241 

1203/1265 

20.51' 

5330 

4/2S 

.85 

.91 

.95 

223/260 

1149/1232 

21.57 

5564 

4/29 

.82 

.96 

1.06 

210/253 

1177/1230 

22.05 

5605 

4/30 

.73 

.91 

1.03 

390/262 

1191/1238 

20.83 

5762 

5/1 

.69 

.89 

1.01 

181/261 

1211/1277 

20.20 


5/2 

.77 

.84 

.90 

210/274 

1078/1244 

21.65 

3999 

S/S 

.78 

.88 

.94 

207/265 

1147/3261 

20.38 

3447 

5/4 

.75 

.89 

.98 

186/246 

1199/1281 

20.45 

5564 

5/5 

.87 

.90 

.92 

197/225 

1195/1312 

19.09 

5447 

S/6 

.8.3 

.92 

.98 

1.92/231 

1190/1254 

20,30 

5389 

5/7 

.72 

.90 

1,01 

174/242 

1202/1258 

20.73 

5153 

5/8 

.85 

.91 

.94 

213/249 

1161/1260 

20.84 

5132 

5/9 

.87 

.92 

.92 

214/243 - 

1133/1211 

21.46, 

4739 

5/10 

.82 

.95 

1.03 

209/254 

3267/1286 

19.99 

4042 

5/11 

.68 

.92 

1.04 

1.55/228 

1296/1323 

19.49 

4190 

5/13 

.73 

.94 

1.09 

200/273 

1265/1254 

20.73 

4246 

5/15 

.87 

.95 

1.02 

215/247 

1347/1289 

21.28 

3942 

Average 

.81 

.92 

.98 

205/253 

1194/1259 

20.82 



Replacement o£ unenriclied white bread with peeled 

wJieat bread (180 gni. 

5/16 

.87 

.87 

.88 

205/235 

1141/1304 

20.29 

4097 

5/17 

.80 

.82 

.83 

199/248 

3063/1289 

20.73 

4284 

5/19 

.84 

.93 

.99 

213/255 

1150/1218 

21.50 

4223 

5/20 

.81 

.90 

.95 

201/249 

1164/1269 

20.44 

4187 

5/21 

,78 

.95 

1.06 

199/256 

1228/1227 

21.01 

4781 

5/22 

.82 

.93 

1.00 

201/244 

1233/1277 

20.32 

,5346 

5/23 

.79 

.98 

I.ll 

193/246 

1281/1230 

20.66 

3281 

5/24 

.72 

.89 

1.03 

207/289 

1168/1223 

22.05 

4804 

Average 

.80 

.91 

.98 

302/233 

1179/1255 

20.88 





PeeJed 

wheat bread 

doubled (360 

gnh) 


5/25 

.83 

.93 

1.00 

214/259 

1218/1261 

20,81 

4907 

5/26 

.84 

.92 

.96 

218/2.58 

1153/1218 

21.50 

5540 

5/27 

.88 

.94 

.97 

208/236 

1146/1201 

21.42 

6246 

5/28 

.94 

.95 

.95 

217/230 

1224/1289 

20.16 

6521 

.3/31 

.73 

.87 

.95 

177/243 

1175/1202 

19.73 

7088 

6/1 

1.03 

.95 

.91 

237/230 

1132/1218 

20.90 

8566 

Average 

.88 

.93 

.06 

212/243 

1175/1247 

20.7.5 



’ All runs Averc made by this subject in the post-absorptive state. 
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4' 31" 
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4' 8" 

4' 43" 
5' 13" 
5' 36" 
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Experiments were condvictcd with subject h. H., while w the le''- 
thiamine diet no. 2, for a period of 28 consecutive days and 
1-day intervals (table 2 and fig. 1). At the end of this period the 180 
gm, of peeled-wheat bread were substituted for the nuDimehed wMe 
bread in tbe diet and experiments were continned for 9 days, when 
tbe quantity of peeled-wlieat bread was doubled, tbc experiments were 
continued for 8 days more. Corresponding periods for subject C. B. 



A. tew ThiamSne B^i8Q6re?n> Pscicfi C«560 Grams Peclect 
I^iet Wheat Bread. Wheat Bread 

Fijiura 1 


lasted 26, 8, and 7 days, respectively. Subsequent modificatioiis in the 
study with C. B, consisted in tbe addition to tbe diet of tbiaraine by- 
droebloridc, pyricloxine hydrocbloride, and riboflavin for short periods 
(fig. 2). During the periods when tbe sj-nthetic vitamins were added 
there rvere already 360 gm. of peeled-wbcat bread daily in tbe diet. 
Experiments with L. H. were conducted in the post-absorptive state 
only, while those with C. B. were conducted in both the post-absorptive 
and the post-eibal staffs. 

Subsequent studies wore made when, for a period of 12 days, L. H. 
and C. B. went on tbe low thiamine diet no. 3 modified by tbe replace- 
ment of the unenriched white bread with soda crackers. Peeled-wheat 
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bread in the amount of 360 gm. Avas substituted for the soda crackers 
and this resulted in a further increased carbohydrate content of tlie 
diet, as Avell as the addition of the B-complex vitamins. L. H. remauied 
on this regime for 10 days and C. B. for 6 days. Later modifications in 
the diet of L. H. consisted in the addition of thiamine hydrochloride 
and a high vitamin yeast concentrate " for short periods. Finally 3G0 
gm. of a high-vitamin yeast ® bread, made from 20% soybean flour Avere 
substituted for the soda crackers for a short period. Efficiency meas- 
urements were conducted with both subjects in the post-eibal state. 
A third subject, J. S., Avas placed for 8 days on the Ioav thiamine diet no. 
3 used in these later experiments. Subsequently thiamine hydrochloride, 
riboflavin, and pyridoxine hydrochloride separately Avere added to Ms 
diet for short periods, and measurements, including endurance ex- 
periments, were made. 


BESULTS 

The muscular efficiency and endurance data, obtained in the first 
study AAuth L. H., are given in full in table 2. It is evident from the table 
that efficiency^ and endurance increased — the former rather steeply 
but not smoothly for 7 days and the latter steadily during a period 
of 19 days (training effect) in spite of the deficiency; but. from this 
point to the end of the Ioav thiamine diet period, there aaus an equally 
steady decrease in the latter criterion of performance Avith no change 
in the former. The average net efficiency Avas 20.82%. The average 
net efficiency for the period Avhen the 180 of the unenriched Avhite 
bread Avere replaced by the 180 gm. of the peeled-AA'heat bread was 
20.88%, AAffiile endurance imioroAmd more than 25% in work and 1 min- 
ute in time. The aAmrage efficiency for the period when the quantib 
of peeled-wheat bread was doubled Avas 20.75%, but the endurance 
more than doubled over the deficiency period both in Avork and time. 
Thus the net efficiency, as measured during these post-absorptive ex- 
periments, remained practically the same, except for the first feAV 
days, during the entire 49 days, while endurance greatly improved after 
restoration of some factor or factors supplied by the peeled-AV ea 

bread. _ . , 

The same results Avere obtained in the post-absorptive experimen . 
with C. B. as in those with L. H.: there was no increase in efficiency 
as a result of adding the B-coraplex vitamins in the form of the pee e 
wheat bread. The average net efficiency for the Ioav thiamine le 

* Fleischmaim 's. _ . 

* See Muriin, Marshall and Kochakian, ^41, p. 579, for a description of this yea 
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was 19.79%, the average for the period with 180 giii. of the peoled- 
wheat bread siihstitated for the nnenriehed white bread was W.12%, and 
the average with 360 gm. pcelecl-wheat was 19.20%. The inclusion in 
the diet of thiamine hydrochloride, pyridoxine hydrochloride, or ribo- 
flavin did not increase the efficiency- in the post-absorptive state. En- 
durance, however, improved for the first 10 days (training effect) 
then declined, to a point much below the starting level, to the end of de- 
ficiency (fig. 2). Peelcd-whcat broad raised it only for the first 3 days 
when fed at the lower level, and not so much as with L. H. at the higher 



180 Grams Peeled Wheat Breod Pyridoxine 

Wheat Breod D* 10 M6. Thiamine F* 10 M6. Riboflavin 

Figure 2 


level. Addition of 10 mg. thiamine, however, raised endurance to a 
point equal relatively to that reached by L, H. on SCO gm, of the bread 
— a result indicating clearly that C. B. did not obtain the full benefit of 
the bread, or that his requirement for thiamine was much higher than 
that of L, H. 

The average net efficiency of C. B. for the post-cibal, low thiamine 
experiments was 20.10% which was only a slight increase over that of 
the post-absorptive experiments. On 180 gm. of the peeled-wheat 
bread it was 21.27%, a relative increase of 5.5% ; and when the peeled- 
wheat bread was doubled it was 20.95%, an increase of 4.2%. The ad- 
dition of the synthetic vitamins resulted in no significant increases over 
the period when 180 gm. of the bread were ingested. 
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The ppst-cibal net efficiencies of C. B. are arranged in table 3 as <‘low” 
thiamine” vaines and “peeled-wheat-bread” values. The latter in- 
elnde all those post-cibal experiments in which either 180 or 360 m. 
of the peeled-wheat bread Avere incorporated in the diet. The dif- 
ference between the averages is statistically significant, and it appears 
that Avhole wheat bread contributes some factor affecting efficiency. 
That the increase was not due to the post-cibal state per se is indi- 
cated by the fact that the average net efficiency of the post-cibal ex- 
periments on the low thiamine diet was only slightly increased above 
the average efficiency of the post-absorptive experiments on the same 
diet. That the increase in efficiency was not due to the extra carbohy- 
drate may be concluded, because carbohydrate foods were reduced in the 
diet to compensate for the extra starch contributed by the 360 gm. of 
peeled-wheat bread. 

As the increase in efficiency with C. B. was of small magnitude, ad- 
ditional confirmatory experiments were conducted 6 months later when 
C. B. and L. H, were placed on the diet lowest in thiamine containing 
not more than 0.15 mg. daily. Experiments were conducted in the post- 
cibal (p. c.) as well as the post-absorptive state. Nearly all of the 
former were begun 1 hour after lunch. The average p. c. efficiency of 
L. H. on this diet was 21.05% (7 days). When 360 gm. of peeled-wheat 
bread (6 days), a yeast concentrate (1 day), and a high-vitamin yeast 
bread made with 207 c soj’bean flour (2 days) were added separately 
to the diet, the average p. c. efficiency was 21.44%. The difference is not 
statistically significant. The average percentage p. c. net efficiency 
during the period of thiamine administration was 20.92%, practically 
the same as after lowest thiamine. The average p. e. efficiency of 
C. B., when the peeled-wheat bread was added to the diet, was 21.30% 
in contrast with 19,68% on the low thiamine diet. This difference has 
statistical significance (p value 0.01) as in the former experiments vith 
the same subject (table 3), when the p value was 0.02. 

The average respiratory quotients of L. H. and C. B. during t^a 
thiamine and B-complex study are given in table 4. That car o- 
hydrate oxidation was not decreased during the 32 days of the deficiencj 
is evident from the excess respiratory quotients. A marked difference 
was apparent in the character of the metabolism during musculai wor' 
of the two subjects. The excess quotients of L. H. indicated almost puie 
carbohydrate combustion, while those of C. B. (average = 0.8 ) in 
cated that fat or protein contributed to the energy’^ of work. 

' Some of the subjecthm symptoms noted by C. B. and L. H-i '' ” 
on the .low thiamine diet, wmre fatigue, anorexia, slight dian lea, 
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ability to concentrate B-ell, and abdominal “fullness.” These symptoms 
\Yeve observed first in about 10 days to 2 weeks of the defieieiiay. They 
progressed in intensity and at the end of the deficiency period nausea 
ocoiirrccl in both subjects during the endurance rides. When 180 gni. 
of the peelod-whent bread were added to the diet L. H. felt bettor but 

TJBUE 3 

rosf-^ibal prre^ntai^e net efficiencies of C.B. 

"LOir TlflASflK’E" ' ’'PCELED WntAt BBEAP’' 


A\erage 


19.40 

22.19 

21.87 

21.11 

19.81 

20.C1 

22.2S 

21 .10 

20.3U 

20.04 

19.91 

23.85 

20.1.1 

20.15 

19.75 

22.40 

19.70 

20.13 

20.58 

20.9D 

19.54 

20.04 

38.07 

21.41 

19.29 


20.10 ± 1.00 

21.01 


Xote — Fjslier's p value of difference = .02. 


TABLE 4 

Averaffc respirator}/ quotients of L.IJ. nnft C,7?. 


WRrOD 

REST 

R. Q. 

LH. C.B. 

WORK AVD 
RECOVERY R Q 

L H. C B. 

K-XCESS 

R. Q. 

L ir. C.B. 

1. Low thiamine diet no. 2 

(0.27 mg. thiamine daily) 

.81 

.82 

.92 

-83 

.98 .89 

2. Substitution of 180 gm. of 

pceled-whe.it bread (0.55 mg. 
thiamine extra) 

.80 

.79 

.91 

.85 

.98 ,S9 

3. 360 gm. of pccled'Wheat bread 
(1.10 mg. thiamine extra) 

.88 .8/ 

M 

.86 

.96 .87 


C. B. did not. When 360 gni. of the bread were added both men felt 
decidedly better, and their mental attitudes improved. 

The thii’d subject .1. S., rather corpulent in build but very willing 
and cooperative in temperament, participated in thi.s study but bi.s 
efficiency and endurance proved to be so low tiiat only a .sbort series 
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of experiments were run witli Iiim. Neither 10 mg. thiamine chloride 
nor 10 mg- riboflavin nor 25 mg, pyridoxine added as pure substances to 
the low thiamine diet raised his performance in any respect, probablv 
because the earlier depletion period was not long enough. 

V SUMMAEY AND CONCLUSIONS 

1. Muscular endurance was greatly decreased on a diet which was 
low in the B-complex vitamins (thiamine 0.27 mg. daily). The effect 
was observed first in about 10 days to 2 weeks of the deficiency. 
B-complex vitamins wmre added to the diet in the form of a natural 
source, such as a 98% whole wheat bread in amounts containing 0.55 
and 1.10 mg. thiamine, the muscular endurance was increased signifi- 
cantly. 

2. The inclusion of thiamine hydrochloride in pure form in a low 
B-complex diet resulted in marked improvement in endurance ability. 
Pyridoxine (in one experiment) had a similar effect, but riboflavin 
had none. 

3. The inclusion of B-complex vitamins in a diet already adequate 
in these vitamins did not result in increased muscular endurance. 

4. The muscular efficiency in the post-absorptive state remained 
the same for moderate ivork, even though the body was low in the B- 
complex vitamins, particularly thiamine, for a period of at least a 
month. The addition of B-complex vitamms, including thiamine, in 
such amounts that the daily requirements were met, did not increase 
the muscular efficiency in the post-absorptive state. 

5. A small significant increase in muscular efficiency for moderate 
ivork was obtained vuth one subject in two different studies, ■when the 
B-complex vitamins were supplied to the diet by the peeled-wheaf 
bread, and the experiments were conducted in the post-cibal state. A 
small increase, which was not significant, was obtained with auothei 
subject ■when a shorter series of experiments were conducted in the 
post-cibal state. It is concluded that any increase in efficiency ■«ffiich oc- 
curs with administration of the B-complex vitamins, on low B-comp ex 
diets of at least a month’s duration, is in the post-cibal and not t ie 
post-absorptive state. This suggests that the entrance into the cn 
culation and access to the muscles simultaneously of fuel and i itamins 
■which promote release of energy are important. The administia ion 
of thiamine alone did not result in any increase in efficiency in the pos 

cibal state. upnle 

6. Carbohydrate oxidation, as a source of energy for mo « ^ 
muscular work, was not decreased during a period of low B-comp e. 
intake for a period at least as long as a month. 
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7. The subjective symptoms of indmduals on the diet, selected 
especially for its low thiamine content, and their improvement when 
B'Complex ^dtamins were added to the diet in the peeled-whcat hi end, 
have been noted as similar to those described by Williams, Wilder and 
associates (’40, ’42)- AVe coufim Johnson and associates (’42) in find- 
ing that the B-complex vitamins, given in these experiments as peeled- 
wheat bread, may improve efficiency and endurance whereas thiamine 
improves endurance only. 
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THE EFFECT OP INSTITUTIONiVL COOKING JIETHODS 
ON THE VITAMIN CONTENT OP FOODS 

I. THE THIAJHNE COSTEXT OF POTATOES ' 

AJrXE TV. WEBTZ AND 0. EDITH WEII! 

The Xiiintion Laboratory, Home Economics Research, itassiKhvsetts Agricultural Experiment 
Station, Ma^^sachnsetts State CoUepe, Amherst 

(Eeceived for publication May 27, 1P44) 

Since a sigiiificant number of persons are eating daily one or more 
meals whieb bare been prepared in lai’ge quantity, it is desirable to 
know tbe extent to wbicb tbe nutritive value of food may be affected 
by tbe processes mvolved in institutional cooking'. Accordingly, a 
study was undertaken to determine tbe losses of certain nutrients in 
foods prepared in large quantity. 

Tbe foods were obtained at tbe College dining ball wbicb, at tbe be- 
ginning of tbe study, son-ed three meals a day to approximately 5Q0 
college students. Six months later tbe students were replaced by ToO 
Ai-my Air Corps students, tbe food services being taken over by tbe 
Army. Tbe change in management did not necessitate a change in cither 
personnel, equipment, techniques of cookery, or types of food served; 
therefore it was possible for the study to continue without interruption. 

Inasmuch as the white potato forms a substantial part of the diet 
of many persons in the United States, it was one of the first vegetables 
studied. This paper reports data obtained on the thiamine content of 
the potato at different steps in preparation for serving. 

EXPERIMENTAL 

The potatoes studied were of tbe Green Mountain variety, grown in 
the Connecticut Eiver Valley. Tlie analyses were begun in October, 
1912, and carried on throughout tbe winter months, ending in hfav 
1943. 

Preparation of the potatoes. Tbe potatoes for both tbe noon and 
evening meal were peeled between 9 and 10 o’clock in the forenoon, 
approximately 500 lbs. being prepared each day. An electric abrasive 
peeler was used. Tbe potatoes wliicli were served for the noon meal 

* Contribution no. 515 of the Massachusetts Agricultural E.'qiertnient Station, 
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were washed and cooked immediate^, whereas those used for the 
evening meal were placed in a vat and soaked for approximately 6 
hours in tap water, which was slowly running into and out of the vat. 
Upon removal from the water the potatoes were placed in perforated 
metal trays in a steam-oven and subjected to steam at a temperature 
of approximately 225°F. for 1 hour. During this cooking process what- 
ever steam was condensed was automatically removed from the hottora 
of the steam-cabinet and discarded. 

If the potatoes were to he mashed they were mashed immediately 
by whipping in an electric mixer. Fat, salt, pepper, and milk in the 
ratio of 5 lbs. to 50 lbs. of potatoes were added during the whipping. 
The entire mashing process took about 5 minutes. 

During the interval between the completion of the cooking and the 
serving, the potatoes, either whole or mashed, were placed in trays in 
a steam warming-oven at a temperature of 157°F. The time of holding 
ranged from 50 to 120 minutes. 

Sampling. Samples of the potatoes for analysis were taken at the 
following steps in preparation: (1) pared, (2) soaked 6 hours in tap 
water, (3) steamed, (4) mashed, (5) steamed and held for hours 
at 157°F. and (6) mashed and held for hours at 157°F. For 
the analysis of the whole potato, either in the raw or steamed 
condition, wedge-shaped slices about I inch thiclc at the periphery 
were cut from the bud-end to the stem-end of the potato in order 
to obtain a representative sample from each tuber. For each sample 
slices were taken from 20 to 25 potatoes. These slices were cut in small 
pieces and aliquots taken for analysis. The mashed potatoes were 
sampled immediate^ upon the cessation of movement of the heater, 
small samples being removed from various areas until 600 to 700 gm. 
had been obtained. 

All the sampling was done at the mess hall and the samples broughl 
immediately to the laboratory where the analyses were carried out, the 
distance between the two buildings being about 300 feet. A period o 
approximately 15 minutes elapsed before the samples for thiamine 
determinations were placed in the extracting fluid. The weighings loi 
the moisture determinations were made at the same time. 

Thiamine determination. In the determination for thiamine the Hen- 
nessy and Cerecedo ( ’39) method as modified by Moyer and Tress et 
(’42) was used. For each sample 45 gm. of potatoes were tamn 
and finely divided in a Waring Blendor with approximately' 10 ® ■ 
of O.llSf H0SO4, The mixture was transferred to a 500 ml flask an 
diluted with enough O.IN H.SO^ to bring the volume to 350-400 mi-1 
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it Avas then hoated on a steam bath for i bonr and lator cooled to below 
50“ C. Tweiitv-fu'e millimeters of 2.511 sodium acetate, coutmnmg O.t) 
am. of elarasc and 0.4 gm. of papain were then added, and tbe sample 
was incubated at 47“C. for 15 hours. After incubation, the samples 
wore cooled, made to volume, and filtered. Tbe base e.xcbange and oxi- 
dation procedures were carried out in the usual inaunei . 

Moist arc. Moisture determinations were made on all sample.-: in an 
electric oven set at 80“G. Computation of tbe losses in tbiamine 
values were based on tbe dry weight of tbe potatoes. 

UESULTS 

Effect o/ soaking. Tbe effect of soaking potatoes in rmming, cold 
wafer avbs studied in 9 lots of potatoes (seo fable 1). For the raw 
pared potatoes the tbinmine content averaged 84 pg. per 109 gm.; 
whereas, following tbe soaking period it averaged 79 pg., indicating 
an average loss of 5^e. That this loss was not due to cbance alone, 
is seen in the statistical evaluation of the data (Student, ’2.')), odds of 
137 to 1 being obtained. 


T.1BI.E I 
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p« 

3 
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! 4C4 

} 81.5 

78 
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' -9.0 

2 

> 82.0 

1 82 

455 

1 81.3 

1 

412 

; -9.4 

3 

i 83.4 

1 SO 

430 

' S0.S 

1 80 

4ir 

-3,0 


Effect of steam conking. The effect of steam cooking ivas studied 
in 6 lots of potatoes (see table 2). The tbiiiminc content averaged 99 
Pg. per 100 gm„ this value being someivliat higher than the value of 
84 pg. found for tlie ,9 lots of potatoes on which tbe effect of soaking was 
studied. Following cooking, tbe thiamine content had decreased in 
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each of the six instances to a mean value of 89 jjg. per 100 gm. the 
losses averaging- 14.1%. ’ 

Effect of mashing. The effect of subsequent mashing on the thiamine 
content of the steam-cooked potato was studied in onlj' 3 lots of potatoes- 
i. e., lots 8, 9, and 10. However, 5 other lots of potatoes (nos. 1 through 
7) were analyzed for thiamine in both the raw and the mashed condi- 
tion. The differences between the values for the 8 lots of the raw 
and the mashed potatoes represented losses which averaged 16.7%. 
This loss is slightly greater than the loss due to steaming alone. How- 
ever, practically all of this difference may be accounted for by the di- 
lution in thiamine which resulted from the addition to the potatoes 
of milk of lower thiamine content (35 pg. per 100 ml.) 

Effect of holding in a steam-oven. The influence of holding the po- 
tatoes, either whole or mashed, at a temperature of 157°F. for 11 
hours is also sho-wn in table 2. The losses in the thiamine content of 
the whole potato averaged 8.3% whereas those for the mashed potato 
averaged 6.4%. 


DISCUSSION 

The mean value for the losses in thiamine in whole potatoes cooked 
and served under institutional conditions exclusive of losses during 
soaking was 20.5%, whereas that for the mashed potatoes was 21.7%, 
a difference which is not significant. The major loss accompanied the 
cooking of the potato. Additional losses were incurred during the pre- 
liminary soaking of the potato and during holding of the potato in the 
steam-oven until serving time li hours later, the latter loss being 
approximately the same whether the potatoes were whole or mashed. 
It is probable that the mashing process was Avithout effect on the 
vitamin. 

The literature is not replete ivith papers dealing ivith the destruction 
of thiamine in potatoes during cooking processes. Only two studie.s 
have been found dealing Avith foods prepared on an institutional basis. 
Nagel and Harris (’43) determined the losses of thiamine in foods 
cooked in quantities sufficient to serve 600 joersons at each meal. The} 
reported a 5% loss in the thiamine content of the potato during cooking 
alone and a 29% loss due to the entire cooking process and 
holding on a steam-table for approximately 3 hours. Heller et al. { _ ) 
on analyzing the thiamine in potatoes served in one of the cafeteiias 
at the Brookhm Navy Yard found a loss of only 2 to 7%. lu contias 
to these studies are four studies on potatoes prepared for sei'iu? an 
der laboratory or home conditions. Thus Wiegand ( ’38) found osse. 
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of thiamine due to cooking ranging from 15 to 75% an4 averaging 
34%. Aughey and Daniel '(’40) reported a 16% loss in baked potatoes 
and a 20% loss in boiled potatoes from which the cooking water had not 
been discarded. In boiled potatoes from which the cooking water had 
been discarded, Lane et al. (’42)' observed a loss in thiamine approxi- 
mating 36%. In the tentative report of the Food and Nutrition Board 
( ’43) the values for losses in thiamine are given as ranging from 10 
to 36% in boiled potatoes, 16 to 35% in baked potatoes and 10 to 55% 
for all methods combined. 

The raw potatoes used in this study contained thiamine within the. 
range of values reported by other investigators. Thus, Lane et al. 
(’42) found 84 pg. per 100 gm. xyhereas Heller et al. (’43) reported 
values for five samples ranging from 53 to 90 pg. Wiegand’s data (’38) 
for five varieties grown in Holland indicate- a range of values from 
48 to 110 pg. per 100 gm. Aughey and Daniel ( ’40) report, for two differ- 
ent samples of the Irish Cobbler variety, values of 135 and 150 pg., per 
100 gm., respectively. Booher et al. (’39) found newly harvested pota- 
toes of the latter variety to contain as much as 186 pg. per 100 gm. 
whereas old potatoes contained 147. In Nagel and Harris’ (’43) study a 
value of 188 pg. per 100 gm. was reported. On the basis of data ob- 
tained by the Bureau of Home Economics, the Food and Nutrition 
Board of the National Research Council (’43) has assigned to the edible 
portion of the white potato an average thiamine content of 90* pg. per 
100 gm., a value almost identical with that observed in this study, i. e., 
89 pg. for the fourteen lots of potatoes. 

Obviously the potato does not rank with pork products, glandular 
meats, whole cereal grains, or legumes as a source of_ thiamine. Be- 
cause of its high calorie content it would be rated by the Council on 
Foods (’39) as only a fair source of the vitamin. This I’ating hoAvever 
scarcely’^ gives adequate credit to a food which coiriprises such a large 
proportion of the daily food as does the potato. The quantities of this 
tuber suggested by’’ the Bureau of Home Economics (’41) for a lo’^'- 
cost, a moderate cost, and a liberal, adequate diet for a very actwe 
man xvould, at the loAvest average value for thiamine obtained in tins 
study', i. e., 78 pg. per 100 gm., provide daily 0.38, 0.30 and 0.30 mg. 
thiamine or 16, 13, and 13%, respectively' of the daily alloAvance ( s 
tional Research Council, ’43). Moreover the quantities of potatoes pi^ 
sci’ibed by the army (HoAAm, ’42) would contribute 0.23 mg. oi /° 
of tbe total tbiamine content of the rations. Certainly a food aa ici 
conld supply as much as one-sixth or one-ninth of the daily alloA\ance o 
a nutrient must be considered a fairH significant .source of that nntnen . 



Bi LOSSES IK COOKING OF POTATOES 


■261 


SmillAKY 

The thiamine content of Green Mountain potatoes has been studied 
at varions steps in the cooking and serving procedures. The percentage 
loss in thiamine incurred at each step has been computed on a dry- 
weight basis. Small losses resulted from soaking the potato prior 
to cooking and from holding the potato in a steam-oven for a period 
as long as 14 hours. The greatest loss, 14.1% of the original value for 
thiamine, occurred' during the steam-cooking process. The mashing 
of the potato did not appear to be destructive of the thiamine. The 
over-all loss in thiamine exclusive of that during soaking approximated 
20 %. 
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R13QUIREMENT OF TRYPTOPHANE BY THE CHICK 


C. R. GRAU AND H. J. ADMQUIST 

Dttistori of Poultry Eushandry, Cottege of Agnculture, Vmvemiy of California, Berkeley 
ONE FIGUBE 

(RcccWeil iw pubUtation Jvnne 12, 1914) 

Previous reports on the tiyptopbane requirement of the chick have 
been made (Klose, Stokstad and Almquist, '38; Aimquist and Mecohi, 
’41). In the latter studies, acid-hydrolyzed casein supplemented with 
gelatin was used as the solo souree of amino acids. Chick growth ob- 
tained with diets to which various levels of tryptophane had been 
added was used as an index to the tryptophane requirement, which was 
found to be approximately 0.5% of the diet. That this figure is prob- 
ably too high was first suspected when analysis of casein by the method 
of Eckert (’43) yielded 1.2% tryptophane,^ a value which would require 
feeding- casein at 427® of the diet to provide sufficient tryptophane. 
It has ali-eadr been shown that casein at the 20% level furnishes enough 
tryptophane for normal rate of gain (Almquist and Meeohi, ’41). Ac- 
cordingly, the tryptophane requirement was investigated further with 
diets not employing acid-hydrolyzed casein. The two types of diet used 
in the present study were (1) a mixture of 19 amino acids to which 
vai-ying levels of natural and sjmthetic tr-yptoplmue rvere added, and (2) 
a zein-gelatiu diet to rvhich several supplementary amino acids were 

added. 

EXPERIMENTAL 

White Leghorn chicks were maintained from hatching time until 
1 week of age on a practical rearing diet, at which time they were 
banded and -weighed. Three days later they were -weighed again, and 
on the bases of total weight, weight gain, and vigor, were segregated 
into groups of 2 to 5 chicks and boused in electrically heated, wire- 
floored battery brooders. 

The diets ^veve fed ad libitum for 12 days. The basal ration for the 
amino acid mixture diets was as follows : cellulose ~ 5, calcium gluconate 
8, mineral mixture 3.24, crude soybean oil 5, sardine oil (400I)-3000A 

* We are indebted to Dr. T. H. Kratzer for permission to cite this result from Ms analyses. 

*Cellu Flour. 
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per gram) to wliich 1% of mixed tocoplierols •* bad been added 0.25, 
cboliiie chloride 0.2, inositol 0.1, cbolic acid 0.1, 2-metbyl-l, 4-naptho- 
bydroquinone diacetate 0.001, thiamine 0.001, riboflavin 0.001, pydd- 
oxine 0.001, nicotinic acid 0.003, caleinm pantothenate (dl ) 0,003, biolin 
(acid) ■* 0.00001 gm., vdth the amino acid mixture and glucose! to 
make 100 gm. Other members of the vitamin B-eomplex were provided 
by a concentrate prepared from solubilized liver which added only 4 
mg. nitrogen to each 100 gm. diet. The mineral mixture furnished the 
following substances per 100 gm. of diet : tricalcium phosphate 2000, 
dipotassinm phosphate 500, potassium chloride 300, and manganese 10, 
silicon 46, magnesium 48, aluminum 8, iron 14, copper 1, zinc 1, iodine 
0.8, and cohalt 0.5 mg. 

All of the amino acids in this diet were commercial products, and as 
far as possible, were from the same lot throughout the experiments. 
Data as to the levels used and the form in which the acids were added 
are summarized in table 1. The calculated amoxmt of sodium bicarbon- 


TABUE 1. 

^fixfiire of flitn'no oot^s iisoti tit t?ie 'banal diet. 


AMIKO ACID 

FORM OF ACID 

DfAXL AS F'::D 

i.FVBi, or 

ISOMfR 



% 

« . 

Alanine 

dl 

1.0 

0.5 

Arginine 

I (+) HCI 

1.4 

1.2 

Aspartic acid 

1(+) 

, 2.0 

2.0 

Cystine 

1 (-) 

0.4 

0.4 

Glutamic acid 

1 ( + ) 

g.o 

5.0 

Glycine 

— 

l.S , 

1.8 

Histidine 

V ( + ) HCI H.O 

0.8 

0.6 

Hydroxyproliue 

1 (-) 

0.2 

0.2 

Isoloucine 

d! 

2.0 ' 

1.0 

Heucine 

5 (-i 

2.0 

2.0 

Lysine 

1 ( + 1 HCI 

1.4- 

1.) 

Methionine 

dl 

1.0 

0.5 

Norlettcino 

dl 

0.2 

0.1 

Phenvlalaninc 

dl 

1.0 

0.5 

ProUne 

U-) 

2.0 

2.0 

Serine 

dl 

0.4 

0.2 

Threonine 

dl 

3.0 

1.5 

Tryptophane 




Tvrosine 

l(-) 

2.0 


V-aline 

dl 

2.0 

1,0 



Total 20.6 

23.6 


’Natural mixed tocopherols, Type I (Distillation Products, Inc.). p 

' The biotin rv.as kindly provided by Merck & Co., Inc., tbrougk the courtesy o k 


Keresteszy. 

’ Cerelose. 
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ate was added to neutralize the hydrochlorides of the basic amino 
acids, and to provide sodium chloride, which was omitted from the 
mineral mixture generally used. 

Except for the amino acid source, the zein basal diet was the same as 
the amino acid basal, with the nitrogen supplied by the following ma- 
terials in zein 20 , 1 (— )-cystine 0.3, / {-l-)-lysine 0.4, rfl-methionine 
0.2, rfi-valine 1.0, dl-thrconine 2.0 and gelatin (or fibrin) 10, Fibrin was 
used at a 10% level in one zein diet as a positive control for the complete- 
ness of the total protein source, as well as for the tryptophane, which it 
supplied at 0.32% of the diet,* When gelatin was used with zein, the diet 
contained less than 0.04% tryptophane. The supplements of natural 
and synthetic tryptophane * which were used were the same for all 
e.\’periraents. The specific rotation of the I { — ) form was —31.2'’ at 
20 = 0 .* 

BESHLTS 

The best rates of growth obtained in these studies were approxi- 
mately 5% per day for a 10-day period, which is slightly less than 
that obtained with a methionine-supplemented soybean protein as the 
sole protein source for the chick (Grau and Ahnquist, ’43). With the 
amino acid mixtures, however, some chicks did not eat the diets readily 
for the first day or two. Because of the variability of the early growth 
period with its consequent effect on the rate of gain, the efficiency of 
gain (gm. gain/gm. feed consumed) has been used, instead, as an 
inde.x of tho tryptophane requirement. Better agiecment was ob- 
tained between experiments and between the two types of diets when 
tile results were evaluated in this way. In both types of diets the 
maximal efficiency of gain was reached when 0.2 to 0.3% 1 (— )-fn-p- 
tophnne was present. This is approximately the amount furnished by 
20% of intact casein, which is known to be an adequate source. The 
re,sults of the various experiment.s are presented in table 2. The ef- 
ficiency of gain has been plotted against the addition of tryptophane 
in figure 1. Curve A is based on average values of gain/feed for all 
e.xporiments plotted against I (—) -tryptophane added. Consideration 
of curve B shows that the requirement for tryptophane in the dl form 
is twice that for the natural form, and indicates that the chick does not 
make appreciable use of the f/ t-f ) form for growth. From curve A it 
is c.stimated that the I (—) -tryptophane requirement of the chick is ap- 
proximately 0.25% of the diet for maximal efficiency of utilization of 

* Merck & Co., Inc. 

I? for pure I (—Vtryptopkane in given as — 31.5*. (Greenberg, '44>. 
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TABLE 2 


SeUtion of added natural and synthetic tryptophane to efficiency of feed iifiiirnfion. 



KO. CHICKS 


TKYPTOPHANE ADDED 



PER GROUP 


1 (-) 

dl 

TXXP C0>'SUSfED 

t 




% 

% 

cm. 




0 

0 

-0.32 




0 

0.1 

-0.07 

1 

2 

Amino acid 

0.1 

0 

-f O.OS 



mixture 

0 

0.2 

-fO.OS 




0.2 

0- 

-f 0..33 




0.1 

0 

+ 0.17 




0 

0.2 

+ 0.00 




0.2 

0 

+ 0.29 '■ 

2 

4 

Amino acid 

0 

. 0.4 

+ 0.27 



mixture 

0.3 , 

0 

+ 0.30 




0 

0.6 

+ 0.31 




0,4 

0 

+ 0.31 ~ 




' 0 

0.8 

+ 0,30 

i 


0 

0 


1 



0 


3 

5 

Zein - 1 - gelatin 

0.2 

0 


i 


0.3 

0 


1 


0.6 

0 


4 

5 

Zein + fibrin 

0.32 

o' 

+ 0.33 



Tiyptophcne eddtfd, percent 

Pig. 1 The effect of tlie per cent of I (— )- and di-tryptophane added to the diet on the 
ratio of ciiick weight gain to feed eaten. 









nEQBinRJtENT OF .TErPTOPHANE BV THE CHICIi 


267 


the diet. Jlnximal rates of increase in body weight were also attained 
at approsiinately tliis level of I { — ) -tryptophane. 

Since the requirement prex'ionsly suggested was approximately 
twice the value reported here, it seems possible that the isolated, natural 
tiyptophane used in the former studies may have been largely race- 
mized . The present results reveal a further difference between the 
amino acid requirements of the chick and of the I’at, for the' latter 
animal can apparently utilize both isomers of tryptophane for growth 
(Berg and Potgeister, '31- '32; du Vigueaud, Sealock, and Van Etten, 
’32; Berg, ’36). In the mouse less rapid growth is obtained with the 
unnatural form than ndth the natural form (Totter and Berg, ’39). 

SUJrMAET 

Use of a diet containing a mixture of 20 amino acids or one contain- 
ing zeiii and gelatin supplemented with some pure amino acids as the 
only protein source has shown dZ-tiyptopbane to be only half as effective 
as I (— )-tr}’ptophaiie in promoting growth and efficient food utilization 
in the chick. Prom the results obtained nith these diets, the I (— )-tryp- 
tophane requirement is shown to be approximately 0.25%' of the diet, 
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THE PBACTIOKATION OP PHOSPHORUS COMPOUNDS 
IN CERTAIN VEGETABLES! 


' EMMETT BEN.VETT 

J pricultvrat Experiment Station, Amherst 

(Reeoivcd for publication June 9, 3944) 

Phosphorus compounds in plant and animal tissues and fluids, so far 
as kiiOTni, are formed from ortlio-pliosplioric acid. The capacity for 
the characteristic reactions is dependent upon the three hydroxyl 
groups. They not only react with other compounds but they may also 
react with other molecules of phosphoric acid giving rise to di- or tri- 
phosphoric acid compounds such as one finds in the nucleotide adenosine. 
Since phosphoric acid is capable of forming many more or less distinct 
groups of substances with many functions (James and Arney, ’39; 
Peters and Van Slylce, ’31) different concentrations of some fractions 
should be found in plants having different metabolic patterns. Such 
information may be of value in understanding further the role of the 
element once referred to as “phosphorus mirahilis” (Thorpe, ’28). 
Furthermore, since vegetables may furnish an increased proportion 
of our phosphorus requirements it is desirable to determine whether 
or not the organic phosphorus exists in available forms in certain foods 
(Lowe and Steenboek, '36; Lowe, Steenbock and Krieger, ’39: McCance 
aiul Widdowson, ’35; Vang and Dju, ’40). 

This paper therefore presents a quantitative fractionation of the 
phosphorus compounds of eleven common vegetables into the following 
groups: inorganic, organic, resistant esters, pliosphoprotein and phos- 
pholipid phosphorus, and phytin. 

EXPEIilMENT.M, 

The values reported for each vegetable represent the average of 
duplicate or triplicate determinations on one sample which was pre- 
pared from several kilograms of repi-esontative fresh material. 

The scheme of separation was similar to that used by Amey (’39). 
Ail manipulations were cheeked for the recovery of phosphorus by the 
use of solutions of knouTi phosphorus content. All phosphorus deter- 
minations were made colorimetrically by the Truog and Meyer method 
(’29). Total phosphorus was brought into solution by wet ashing 

Contribution no. 529 of tlie Mauooclnisetts AgriciUtur-ni E-tporimejlt Station. 
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with sulphuric and nitric acids. Resistant ekers and inorganic phos- 
phorus were determined on clarified trichloroacetic acid extracts. 
Extractions with trichloroacetic acid made over, periods of 30, 60 
and 90 minutes indicated that an end point was reached in 30 minutes. 
The original solutions were too colored to use directly, hence all phos- 
phorus compounds were precipitated by a procedure similar to that of 
Needham, Needham, Baldwin and Yudkin (’32). The precipitate was 
dissolved in an acid solution of pH 1. The inorganic fraction was 
determined directly on this solution, xvhile a total phosphorus deter- 
mination was also made by wet ashing the extract, in order to obtain 
the resistant esters by difference. Phospholipid and phosphoprotein 
phosphorus constituted the difference between the total phosphorus 
and the acid soluble phosphorus. Phytin phosphorus was determined 
by the ISIcCairce and Widdowson method (’35). 

The results of the investigation are shown in table 1. 


TABLE 1 


The percentage content of phosphori(& on a dry matter hosts in various forms 
vegetahles and tlicxr percentage distribution. 


VEGETABLE 


TOTAL 


IKOROAIJIO OROANIO 


ItBSISTAKT 

ESTERS 


in cfrffltn 


rHO.spHO- 
I.tPIDS AKD 
PHOSPKO* 
PEOTCrKS 


Asparagus, Asparagus officinalis L. 

0.699 

0.359 

(51.4)^ 

Cabbage, Brassica oleracea L. 

0.414 

0.256 

(61.8) 

Carrot, Daucus carota L. 

0.350 

0.247 

(70.6) 

Dandelion, Taraxacum officinale W. 

0.439 

0.257 

(58.0) 

Eggplant, Solanum melongena L. 

0.2V1 

0.196 

(72.3) 

Kale, Brassica oleracea L. 

0.437 

0.256 

(58.6) 

Spinach, Spinacia oleracea L. 

0.873 

0.568 

(65.1) 

String beans, Phaseolus vulgaris L. 

0.505 

0.357 

(70.7) 

Squash, Cucurbita maxima D. 

0.423 

0.213 

(50.4) 

Turnip, Brassica rapa D. 

0.543 

0.335 

(61.7) 

Onions, Allinm cepa L. 

0.291 

0.185 

(63.6) 


0.340 

0.184 

0.15C 

(48.6) 

(26.3) 

(22.3) 

0.158 

0.080 

0.078 

(38.2) 

(19.3) 

(18.9) 

0.103 

0.059 

0.044 

(29.4) 

(16.9) 

(12.5) 

0.182 

0.068 

0.114 

(41.5) 

(15.5) 

(26.0) 

0.075 

0.040 

0.035 

(27.7) 

(14.8) 

(12.9) • 

0.181 

0.062 

0.119 

(41.4) 

(14.2) 

(27.2) 

0.305 

0.190 

0.115 

(34.9) 

(21.8) 

(13.1) 

0.148 

0.044 

0.104 

(29.3) 

(8.7) 

(20.0) 

0.210 

0.029 

0.181 

(49.6) 

(6.9) 

(42.7) 

0.208 

0.120 

0.088 

(38.3) 

(22.1) 

(10.2) 

0.106 

(36.4) 

0.0S7 

(29.9) 

1 


' ^ The figures in parentheses indicate the percentage of the total phosphorus 
tiou represents. 
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Inorganic pliospliorus ranged from about 50 to over 72% of the total. 
Eesistant esters averaged slightly less than the phospholipid and phos- 
phoprotein phosphorus; the former varied from about 7 to 30%, the 
latter from C.5 to 42.7%. Phytiu was absent in all cases. * 

. stoimjvby 

From these data one may eonclnde that the bulk of the phosphorus 
is in the inorganic form; that the organic fraction may be composed of 
iridcly varying amounts of resistant esters, and the phosphoproteins 
and phospholipids ; and that there are no unavailable forms of phos- 
phorus present in these vegetables. 
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INTRODUCTION 

The question of tlie effects of low and high protein diets has become 
an immediately practical one, not only because of the relative scarcity 
of high protein foods but also because of the greater difficulty in ship- 
Iiing them long distances. Previous work has shown clearly what 
was the minimum protein intake necessary to maintain nitrogen equil- 
ibrium (Reviews — Lusk, ’31 and Terroine, ’36) and that low levels 
arc compatible with liealth in sedentary men. Although frequent state- 
ments are to be found that higher intakes are necessary for hard work, 
almost none of these is supported by experimental proof. In fact the 
most extensive experimental work, that of Chittenden (’04), reported 
increased vigor for hard working men wlien the protein intake was 
lowered to 50-60 gm. 

In order to make the I'esults of this work useful for direct practical 
application, the aim was to utilize normal young men in a natural 
environment carrying on their usual regime of W'ork. For the same 
reason the diets were planned to include only items to be found in noi- 
mal diets, and thus to avoid sjmthetic or laboratory foods which would 
not be encountered in practical dietaiw expei’ieuce. The plan in one 
group of subjects was to restrict protein foods as much as possible 
within the above limitations ; in another group of subjects to give the 
greatest possible excess of high protein foods. In a third group the in- 
dividuals were to continue on .their usual diet. 

The conclusions from this work must be limited to results appearing 
within the time limit of the tests, namely 8 weeks of the modified diet. 

*The worls tlescribed in this paper was done ander a contract, recommended by the Com- 
njittee on Medical Research, between the Office of Scientific Research and Development and 
Harvard University. 
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Therefore, the practical implications must like^rise be limited to applv 
to emergency modifications of diet lasting up to 2 months. 

METHODS 

The subjects were twenty-four volunteers from the personnel of a 
Civilian Public Service Camp, w'ho continued on the work regime of 
the camp and ate their meals at special tables in the regular mess hall. 
At the start each subject was given a thorough physical examination, 
clinical laboratory examination of blood and urine and blood chemical 
estimation of NPN, protein and A/Gl Eatio. NPN was e.stimated by the 
method of Paly ( ’33) ; serum jiroteiu and urinary nitrogen by the jlficvo 
Kjeldahl method of i\Ia and Zuazaga ( ’42) ; and serum protein fraction- 
ation by the method of Howe (’21). Throughout the study frequent 
check-up physical examinations were held and the estimations of blood 
HPN and protein were repeated weekly along with a measurement 
of the nitrogen in a 24-honr specimen of urine. Assessment of physical 
fitness each week was bj' means of the so-called “Pack Test.” In this 
test the subject, wearing a rucksack weighted to approximately k liis 
body Aveight stepped up onto a 16-iueh platform and back down onto 
the floor once each 2 seconds (handrails at shoulder height were used 
as an aid). The stepping exercise Avas terminated at 5 minutes if the 
subject could carry on that long; after stopping, the pulse Avas counted 
for three periods: 1 to 1| min., 2 to 24 min. and 4 to 41 min. of the re- 
covery period. From these data a numerical score Avas calculated as: 

duration exercise in seconds 
2 X (Sum of pulse beats counted in the three periods) 

This test had been found previously to correlate Avith jibysical abilit) 
in athletes and to parallel improvements Avith training and deteriora- 
tion accompanying proven inadequate diets. In order to have an ad- 
ditional index of reenperati\m poAvers, the test was administered twice 
on each occasion AAuth only 15 minutes rest betAA^een tbe tAvo. 

The dietary test program consisted of three periods — 2 Aveeks pie- 
liminary control, 8 AA’ceks of modified diet and 2 Aveeks of final eontro . 
The tAventy-four subjects were divided in three groups of eight, eaci 
group including a rough cross section of the Avhole in respect to ocen 
pation and physical fitness. All groups ate the regular camp diet for le 
first 2 Aveeks and one of the groups of eight continued thus thiong on. 
A second group, called the I'estricted protein group, changed theii le 
at the end of the first control period to one Aidiich alloAi-ed no nica , 
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clieese, eggs, nuts, legumes and only up to i cup of milk daily. Bread 
■was Ibe only otlier food allowed tlie restricted protein group wbicb 
contained animal j’l'otein (milk) ; this was limited in amount lo this 
group so that not more than 2i gm. of milk protein was furnished 
daily in this form and not moi-e than 5 gin. of animal protein in the 
entire daily diet (the other 2i gm. or less iu top milk on cereal). Un- 
limited amounts of low protein foods were furnished this group and 
they, like the other groups, were urged to fully satisfy their appetites. 
During the final control period this group was given a high protein 
diet. 

The third group, called the high protein group, was furnished with 
large amounts of high protein foods and allowed only restricted 
amounts of low protein foods. 

All groups were given daily 5 gm. of yeast extract ° fortified with 
additional riboflavin to forestall any possibility of vitamin B deficiency. 
As will he noted from the above description, the dictates of taste were 
followed in so far as possible in this type of experiment. For meas- 
urements of the diet each mess table was furnished with a diet scales 
and standard ladles. All articles of food were furnished in standard 
portions of kaiown weight or else the subject.s weighed the portion eaten. 
Each subject had a special record book with a page for each day in 
■which he noted the amounts of each article of food eaten during the 
day on one side of the sheet and the day’s activities hour by hour on 
the other side. These hooks were kept in a rack in the dining room. 
The proper anahTic figures for protein, fat and calories were entered in 
these books periodically by the dietitian .staff. AH items in the diet known 
to contain significant amounts of protein were analyzed at least once for 
protein during the experiments. Those subject to variation (e.g., bread, 
cereals) in cooking were analyzed each time they were on the memi. 
Our orm analytic figures were supplemented with those of Bowes and 
Church { ’40) for fat and calories and for the traces of protein in low 
protein foods. Whenever possible tbe manufacturer or baker was 
consulted to determine ingredients, 

TIig work of the subjects included office work, kitchen work, laundry 
work, farming and forestry work (including ivork on tz-ails, clearing 
forest ground and repair of i-oads). The daily caloric expenditnie, 
depending on the subject’s job ranged tVom 2400 to .5000 cal. with nil 
average of approximately 3300. 

Standard Brands Co., Type 3. This amount of fortified yenst contained approximately 

mg. thiamine, 3,5 mg. riboflavin and 30 mg. niacin. 
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RESULTS 

7. Restricted protein group 

Tlie averages of daily protein intakes in this group of eight are shown 
in table 1 along with the caloric intakes, subjects’ weights and their 
usual occupations. It will b^ seen that even with the severe restriction 
of high protein foods the daily protein intake was rarely below 50 gm. 
and averaged 53 gm. IVhen the caloric intake was above 4000 cal. the 
protein was usually nearer 60 gm. Potato, bread and other cereal prod- 
ucts were the chief sources of this protein ; less than 5 gm. was of animal 
origin. Two subjects of this group terminated their experiment early, 
one because of an acute attack of recurrent appendicitis, the other be- 
cause of transfer to another project. 

The 24-hour urinary excretions of nitrogen were measured once a 
week and the results, expressed as grams of equivalent protein, are 
included in table 1. Since these figures are calculated from samples 
taken only once weekly whereas the figures for intake were obtained 
daily, exact agreement should not be expected. However, it can be 
seen that the urinary nitrogen figures furnish a rough check on the 
calculated intake, if the usual assumption of 1 gm. of stool nitrogen 
is made. If anything, the intake figures tend to be a little larger 
than the corrected urinary figure so it may’’ be safely stated that the 
calculated mean daily intake figure of 53 gm. is perhaps too high. 

In general all the sirbjects in this group believed they were getting 
enough food. It was their observation, however, especially those doing 
the heaviest work, that they became unusually hungry and felt a little 
weak late in the morning and late in the afternoon. There was an aver- 
age weight loss during the S-wmek period of 0.9 kg., a good part of which 
could be logically explained by the fact that several of the group started 
on a regime of much heavier outdoor work than was customary to 
them. A weight loss of similar magnitude wns found in the group on the 
nonnal diet. One man who lost 2.8 kg. "was obese and rather “flabby 
at the start. 

Aside from the experiences of late morning and afternoon himgei 
mentioned above, none of the subjects complained of unusual symp- 
toms. They were able to carry on the work routine; no complaints 
bv their work supei'visors were ever made. The pack test data con 
firms the impression that they showed no deterioration. Table 2 .sum 
marizes these results on this group and those on the normal and Uo 
protein diets. In spite of some irregularities it will he seen fiat u i 
groups improved slightly; a few individuals strikingly, undouicc j 
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clue chiefly fo the physical training from their active work regime. The 
irregularities of scores are in some cases due to changes in motivation 
on different days ; in other cases to local disabilities arising from minor 
injuries. The relative scores on the two consecutive tests on the same 
day did not yield any additional information and are not reported in 
detail. It was an unexplained fact that the relationship of the second 
to the first score was largely characteristic of the individual; manv 
dropped off slightly every time on the second score, a few markedly, 
while a few actually improved in every instance. 


TABLE 2 

Physical fitiuss as indicated by scares in “ parj; tfst”. 



PREMMTNAEY 









EIKAL 

g u . 

OOKTROIj 
PERIOD : 

i 

1 


EXPERISIENTAE PERIOD; WEEK 



CONTROL 

PEnion; 


WEEK 

1 

( 








WEEK 

X , ■' 

1st 

2nd 

1 1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

1st 

2nd 

Co 

71 


i 81 

78 

^ 72* 








H 

105 


92 

99 

no 

no 

102 

103 

113 

102 

108 

106 

■r: ^ 

57 

50 

55 

61 

62 

58 

67 

65 

58 

68 

65 

52 

S-S Lar 

31 


52 

40 

37 

81 

79 

88 

.86 

68 

89 

69 

I'-S M 

43 

78 

85 

86 

96 

102 

96 

87 

87 

88 ' 

106 

'99 


70 

58 

53 

47 

39 

31 

48 

53 

52 

61 

. , 


Su 

46 

82 

77 

81 

77 

73 

83 

85 

86 

73 

86 

91 

Tr 



62 

67 

74 

85 

88 

86 

86 

85 

89 

92 

Average 

increase ' 


- 6 

— 4 

+ 1 

+ 5 

+ 6 

4-6 

4-3 

4-15 

+ 9 

B 

26 

1 

23 

27 

34 

37 

34 

38 

42 

48 

85 

54 

79 

F 

68 

77 

84 

80 

77 

82 

95 

91 

95 

84 

89 . 

87 


48 

75 

85 

85 

96 

77 

82 

• 88 

90 

84 

83 


.S‘5 J 

30 

45 

53 

48 

30 

44 







■g £ E 

82 

82 J 

82 


. . 

82 

73 

80 

82 


82 

79 

o C* ^ 

fs Sm 

56 

58 

79 


87 

85 

90 




99 

86 

Ste 

67 

87 

88 

95 

89 

103 

98 

107 

88 

90 

Sto 

92 

93 
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102 

97 

93 

96 

101 

111 

101 

106 

9S 

Average 

increase * j 


— 1 

2 

— 1 

+ 2 

+ 6 

+ 6 

+ 10 

■ 4- .6 

-fl 

A 

71 

69 i 

73 

68 

77 

70 

84 

83 

79 

84 

83 

SO 

G 

84 

87 1 

92 

SO 

90 

92 

96 

92 

94 

85 

,88 

.01 

s D 

32 

37 

52 

35 

48 

47 

54 

62 

55 

38 

50 

53 

R7 

80 

"tbs 

•5 S Lo 

69 

97 

! 

87 ; 

83 

94 

94 

89 

87 

93 

80 

98 

84 

85 

78 

82 

86 

91 

79 

87 

93 

89 

^ Sa 

Tu 

109 

77 

88 I 

81 j 

8.3 

100 

80 

79 

107 

83 

104 

83 

108 

S3 

in 

87 

108 

87 

105 

79 

1.34 

83 

46 

W 

25 

1 

25 

23 

33 

27 

25 

43 

.37 

34 

35 

Average 

increase * i 


— 4 

4- 2 

0 

0 

4-3 

-f 3 

-- 2 

4-1 

4 5 


’ These figures obtained by setting for each individual a standard score equal to tlic 
f his first three scores on. the table, by c.alculatin? for each later score the difference trom 
tandard, and then b3’ averaging tlie individual differences for each week. 
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TliC blood clieniieal and bematological findings were completely neg- 
ative. There was no trend toward a lowering of either albumin or 
iota! protein; the red blood count and Ijeinoglobin remained essentially 
iHichanged.® 

In the case of this group the final control period had a special sig- 
nificance since the protein in the diet was raised to a high level at this 
time. No change in physical performance or chemical findings was evi- 
dent aside fi'om the increased amount of nitrogen in the urine. The 
subjective effect of the change was conditioned by the preferences of 
the men: two men, liabitual lovers of meat, were much happier on the 
high protein diet; two men found the high protein diet actually dis- 
tasteful, the remainder had no strong feelings one way or the other. 

II. High protein group 

Again in this group the changes due to alterations in diet wore prac- 
tically non-existent. The weekly averages of daily protein intake 
ranged from 157 to 192 gm. compared to 93 to 113 in the normal group 
(see table 1 for d-wcek av’erages). The average in the high protein 
group was kept down by one subject, a sedentary, rather hypersensitive 
individual to whom “heavy food” was distasteful. 

The less active men in this group tended to feel overfull and sleepy 
after meals. Not all this effect was necessarily due to the high protein 
I)or se. Among the available common foods high protein is associated 
with considerable fat. As a result the total caloric intake in this group 
tended to he higher than necessarj’. This is clearly shown in the weight 
figures which show an average gain of 1.0 kg. and a gain in one indivi- 
dual of over 5 kg. No other unusual symptoms were e.xperieneed. 

The physical fitness tests showed a tendency to gradual improvement 
(table 2) as in the other groups, which is likewise explainable by traiii- 
ing. 

The urinary excretion of niti'ogen expressed as equivalent protein 
in table 1 gives figures of 138 gm. and 142 gm. daily for the two 4-week 
periods. Although not exactly to be compared with the intake figures 
because of the less frequent measurements (see under Eestricted Pro- 
tein Group above), these figures confirm the high protein metabolism 
of this group hut would require the assumption of rather high value.s 
of stool nitrogen (about 6 gm.) to bo brought in line with the ealeulated 
intakes. 

* Details of tliese Jticasuromonts are omitted for tlie sake of brevity but will be f urnislied 
V tkc autJiorg on request. 



280 


E. C. DAELING AKD OTHEES 


The only change in chemical findings was a tendency to slightly 
higher NTN which is probably not very significant. 


DISCUSSION 

These studies fail to confirm Chittenden’s conclusions that a re- 
stricted protein diet improves physical well being. His experiments had 
the advantage of being longer in duration but the disadvantage of 
having no parallel control subjects on their usual diet. His conclusion 
that there is no impairment of health by such a diet is completely 
supported. 

It is apparent from these studies that to choose a low protein diet 
from commercial articles of diet is difficult, provided caloric balance is 
maintained. When sufficient calories are given for hard physical labor, 
a fairly respectable level of protein is automatically included. 

Likewise it was found difficult to increase the protein level above 
150 gm. using standard items of diet. To push beyond this without 
giving excessive calories, defatted foods such as buttermilk or skim 
milk would be necessary. 

The conclusions from this study should not be extended beyond the 
conditions investigated. The protein needs during growth, illness and 
lactation are wholly outside the scope of this work. It is apparent only 
that for 2 months with normal men (such as laborers or soldiers) 
rather extreme variations in protein intake were without measurable 
effect either beneficial or harmful. The practical implications are that 
under emergency conditions a diet supplying about 50 gra. of protein, 
chiefly from potatoes and grain products, is not incompatible with the 
health of physical^ active ymung men. 

SUMiUAEY AND CONCLUSIONS 

1. Within 2 months no measurable influence either deleterious or ben- 
eficial could be observed on the physical vigor or efficiency of eight 
healthy young men subsisting on a diet adequate in calories but le- 
stricted in protein. The daily protein intake averaged 50 to 55 gm., 
very' little of which was of animal origin. 

2. Similarly' no beneficial or harmful effect could be obsen ed in - 
months on eight men subsisting on a diet providing 160 gm. oi moie 
of protein, mostly first class. 
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ABSENCE OP NERVE DEGENERATION IN CHRONIC 
THIAMINE bEPICIENCY IN PIGS > 


MAXWELL M, WINTROBE* RICHARD H. FOLHS, JR., STEWART HUMPHREYS/ 
HAROLD STEIN AND MARJORIE LAVRITSEN* 

Df/xirfweni of Medicine, Johns Jiopl:ins Ontversttp, Baltinwre, Maryland 

ON£ FlGUftB 

(Recciveil for publication April 18, 3014) 

In eailici- rcpoits (M’iiitrobe, Stein, Miller, Follis, Najjar, and 
Hnmplireys, ’42 b; Pollis, ilillei', AVintrobe and Stein, ’43) we de- 
scribed our failure to produce degenerative changes in the nervous 
system of pigs by inducing thiamine deficiency. This observation was 
contrary to the rather generally held view that thiamine is “the anti- 
neuritio vitamin.’’ Since our studies at that time were limited to nine 
pigs, this report concerning observations in ten additional animals is 
recorded. In the accompanying table the pertinent data for all nineteen 
animals are summarized. 

.The care and management of the animals was similar to that fol- 
lowed in earlier studies CWintrobe, ilillor, Follis, Stein, Mushatt and 
Humphreys, ’42 a) and need not be described in detail again. The 
basal diet consisted of casein 26.1, snerose 57.7, lard 11.0, and a com- 
plete salt mixtnre 5.2. In the present series there were four pigs which 
received only crystalline vitamins as the source of the “B-complex.” 
Sk animals were given autoclaved yeast. This was done because in 
most of the experiments reported hitherto, diets supplemented by 
autoclaved yeast have been used, the purpose of autoclaving being to 
destroy thiamine. Since rve have observed neurological lesions in pigs 
receiving a diet deficient in pyridoxine or pantothenic acid (Wintrobe, 
Hiller, Follis, Stein, Mushatt and Humphreys, 42 a), the question 
arose whether the pyridoxine or, more probably, the pantothenic acid 
content of yeast might also he lowered by autoclaving. Two of our 
animahs receiving autoclaved yeast were given jjyridoxine and calcium 
pantothenate as well. 

* Aided by grsmts from the RockcfeUei Foundation, Parke-Davis and Company, the Up- 
john Company, and the Fleischmann Laboratories, and carried out in cooperation with tho 
Biirean of Animal Industry, V. f3. Department of Agriculture. 

’ Present address, School of Meditine, I'nirersity of Utah, Salt Lake City, Utah. 


2SZ 



284 


JIAXWELL M. WIKTEOBE AND OTHERS 


The yeast used was a brewers’ yeast available commercially.-'* “Drv” 
autoclaved yeast was prepared by autoclaving for 6 hours at 20 pouiids 
pressure. “Alkaline” autoclaved yeast was prepared by mixing yeast 
with 0.1 N sodium hydroxide and autoclaving- as above, neutralization 
being carried out afterwards. These two methods of autoclaving were 
employed because each method has been used by various workers 
(Swank, ’40; Bessey, ’42). The pantothenic acid content of tke un- 
treated yeast, as measured by microbiological assay (Strong, Feeney 
and Earle, ’41) was 72 pg. per gm. That of the “dry” autoclaved yeast 
rvas 14 pg. while the “alkaline” autoclaved material contained 46 pg. 


In none of the animals was abnormal gait observed during life 
and in none were histologic changes discovered in the nervous system 
in spite of painstaking study by accepted methods. This is in agree- 
ment with the observations of Ellis and ISIadsen ( ’44). There can be no 
question that thiamine deficiency was produced in these animals for loss 
of appetite, vomiting and impairment of growth -were observed in all, 
these symptoms could be relieved by giving thiamine, and death oc- 
curred as the result of cardiac failure in all except those animals which 
were sacrificed in a condition of less severe thiamine deficiency. Pro- 
nounced electrocardiographic changes were observed in these pigs 
(Wintrobe, Alcayaga, Humphreys -and Follis, ’43 a) as well as ex- 
tensive lesions in the myocardium and evidence of congestive cardiac 
failure (Follis, Miller, Wintrobe and Stein, ’43). 


In order to imitate the conditions likely to be encountered in humans, 
the thiamine deficiency was only partial. This procedure also achieved 
another purpose. It has been argued that nerve degeneration is not to 
be expected in animals acutely deficient in thiamine and it has been 
implied that changes in the nervous system will be observed- if the de- 
ficiency is of sufficiently long standing. It will be noted that many of 
our animals were maintained in a chronically deficient state for 7 to i 
months, one even longer. The gi-owth curves shown in figure 1 anc 
those shown in an earlier report (Wintrobe, Stein, Miller, Folks, 
Najjar and Humphreys, ’42 b), indicate the “ehronicity” of these ex 
periments. Once the experiment was commenced, care Avas taken a a 
times to maintain the thiamine supplement at a level well below m 
required by the pigs. This level was so Ioav at times that some o 'G 
pigs died sooner than we AA’ould have wished (see table 1). 


’ Mead Johnson and Company, Evansville, Ind. 
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Fig. 1 Groirth curves and food consumption of aninmis receiving thiamine-deficient diets. 
One unit of the diet furnished approximately 15C cal. per kilogram body treight. 

The broken curve appearing at intervals represents the growth of pigs at the Beltsxille 
BesearcU Center given a mixed diet and fed and ImndJed according to record of perform, 
asce procedure, 

DISCUSSION 

It does Dot necessarily follow as a vesnlt of these studies that nerve 
degenevatjon in man is never tiie result of thiamine deficiency. There 
has heeu ample demonstration of the fact that the manifestations of 
vitamin deficiency, as well as the requirements for the various vita- 
mins, are not the same in all species. It is to be noted, however, that 
when neiwe degeneration has developed in man in association with 
nutritional deficiency, the deficiency has been multiple and there has 
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Simmanj of data for 10 ihiamiiie-def.cient pigs. 


DrETABV SUPPLEMENTS 

PIG 

NO. 

AGE 

EXPT. 

ENDED 

DURA- 

TION 

OP 

DEPICI 

ENCY 

AMOUNT or 
THIASCrNB GIVEN 

Average and range 

CAUSE 

or 

DEATH 

KERVOrS 

SVSTEif 



daps 

daps 

UffJku. hodii let. 




6-53 ’ 

246 

156 

14 ( 0-35) 

Cardiac f.ailure 

Xomud 


6-67 “ 

171 

83 

0 

Cardiac failure 

Xomwl 

EXB„ChP ’ 

6-77 

334 

246 

14 ( 0-35) 

Cardiac failure 

Xornwl 


6-90’ 

134 

57 

10 (10) 

Cardiac failure 

Norm.al 


6-91 = 

107 

37 

10 (10) 

Cardiac failure 

Korni.ll 


6-92’ 

210 

141 

20 (10-60) 

Sacrificed 

Kornwl 


7-OS 

296 

258 

17 ( 3-6.3) 

Cardiac failure 

Kormal 

EXB.ChPIp 

7-09 

290 

254 

15 ( 3-05) 

Cardiac failure 

Korni.ll 


7-10 

76 

.41 

2S (15-65) 

Cardiac failure 

Kormal 


7-41 

238 

,202 

17 (10-20) 

Cardiac failure 

Korm.lI 

Ve;ist, autoclaved (dry)’ 

7-11 

273 

231 

0 

Cardiac failure 

Kormal 

Yeast, autoclaved (dryY 

7-40 

244 

206 

0 

Sacrificed 

Kornwl 

Yeast, auto, (dry) BaP ’ 

7-14 

280 

238 

0 

Sacrificed 

Korm.ll 

Yeast, autoclaved (alk.) 

7-12 

147 

103 

(See footnote 4) 

Cardiac failure 

Kormal 

Yeast, autoclaved (alk.) 

7-42 

101 

67 

(See footnote 4) 

Cardiac failure 

Kormal 

Yeast, auto, (alk.) BjP ‘ 

7-13 

241 

204 

(See footnote 4) 

Sacrificed 

Kormal 


6-54 

410 

320 

42 ? (40-90) 

Cardiac failure 

Kormal 

Liver, desiccated 

6-62 

327 

239 

42 ■? (40-60) 

Sacrificed 

Kormal 


6-79 

318. 

230 

41 ? (40-50) 

Sacrificed 

Komiai 


‘ R refers to riboflavin 0.12, JC niacin 1.20, B, pyridoxine 0.20, Cli eholino 10.00, P e.ilciuffl 
pantothenate 0.50, 1 inositol 0.10, p para-aminohenzoic acid 0.1 mg. per kilo body ivcight d.aily. 

"Animals in previous series (IVintrobe et al., ’42 b: Follis et ah, ’43). 

’Pig 7-11 was fed alkaline autoclaved yeast until the age of 138 days. Pig 7-40 w.as given 
0.50 mg. calcium pantothenate per kilo body weight daily until the ago of 103 days. Thus hofli 
animals received a larger supply of calcium pantothenate than they would have had, had the 
yeast supplement from the age of 3’ weeks been dry autoclaved yeast. All pigs receiving yeast 
were fed 3 gm. per kilo body weight daily. 

‘ The thiamine content of these yeast samples vvas not measured. 


been.no adequate justification for tbe assumption that the lack of tliia- 
niine was the specific cause of .the changes observed. Surely classical 
beriberi, occurring as it does in iiersons consuming a diet consisting 
almost exclusively of polished rice, is a multiple deficiency disorclci. 
The effects of therapy with thiamine in cases of “multiple neuritis 
have not been such as to convince the critical observer that eientua 
improvement must necessarily have been attributed to linamnie 
(Brown, ’41; Strauss, ’43). 

The onlv exceptions to the above statement are the reports of Wii 
liams et ah, (’43) and Najjar and Holt (’43). Williams and coworkers 
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described symptoms and signs suggesting peripberal nerve degenera- 
tion in two experimental subjects given a diet lacking only in thiamine. 
Unfortunately no biopsy was made and thus it was impossible to state 
wbetber there was functional impairment only, or actual nerve de- 
generation as well. The same question arises in the case of the four 
subjects of Holt and Najjar’s stud}- in which “neuritis” developed. 
In new of the importance of thiamine in carbohydrate metabolism 
one must also consider the possibility that some of the symptoms and 
signs regarded as representing “polynenropathy” may he the result 
of a metabolic disturbance in the muscles. Surely those signs which 
are promptly relieved by the administration of thiamine are the conse- 
quence of a metabolic defect rather than dne to a histologic change. 

It is of interest to compare our results with those of Van Bften, Ellis 
and lladsen (’40), also obtained rrith pigs. These 'vorkers observ’ed 
neurological changes in animals fed autoclaved liver and whey a.s 
the source of the B vitamins, hut found no such changes in pigs fed 
sodium sulfite, sulfur dio.xide treated liver and whey. Autoclaring 
of liver for 6 hours at 20 pounds pressure, was found by our assays 
to reduce the pantothenic acid content from 105 to 34 pg. per gm.; 
autoclaving of whey in the same way, reduced the pantothenic acid from 
33 to 4 pg. Incomplete data suggest that sulfite treatment of those 
substances as well as of yeast does not reduce their pantothenic acid 
content to the extent produced by autoclaving. 

The requirement of the pig for pantothenic acid is at least 160 pg. 
per kg. body weight (Wintrobc, Follis, Alcayaga, Paulson and Humph- 
reys, ’43 h), and under certain conditions may he as high as 500 pg. 
(Ellis, Madsen and Miller, ’43). The observations of Van Etten, Ellis 
find Madsen (’40) indicated that their autoclaved diet was deficient 
in more than one factor. In the light of our assays, pantothenic acid 
probably was one of these factors and the neurological changes ob- 
served hj- them were in all likelihood dne, in part at least, to a lack of 
fills \-itamin. The absence of nerve degeneration in their animals 
wbieh were fed sulfite treated diets, and in our pigs fed autoclaved 
yeast, can he c.xplaiuod by a failure to reduce the pantothenic acid con- 
tent below tbe critical level. 


SUMMAHV 

Additional experiments in pigs in which chronic thiamine deficiency 
■"’as produced, have failed to support the claim that lack of thiamine 
causes degenerative changes in the nervous system. 
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TABLE 1 


Summary of data for 19 tliiamine-defcient piys. 


DreXARY SHPPhRJfEKTS 

PIG 

SO. 

AOE 

EXPT. 

BKDED 

DURA- 

TIOK 

OP 

OEPICI 

EKCY 

AMOl'KTOF 
THIASCIKE GIVEN 

Averago and range 

CAYSE 

or 

DEATH 

Kr.Rvor< 

KYSTFU 



dans 

days 

body u't. ■ 




5-53 = 

246 

156 

14 ( 0-35) 

Cardiac failure 

Xoriual 


6-67 = 

171 

83 

0 

Cardiac failure 

Xormal 

RXBjChP ' 

6-77® 

334 

246 

14 ( 0-35) 

Cardiac failure 

Xormal 


6-90 = 

134 

57 

10 (10) 

Cardiac failure 

Xorn).il 


6-91 = 

107 

37 

10 (10) ■ 

Cardiac failure 

Xormal 


6-92 

210 

141 

20 (10-60) 

Sacrificed 

Xormal 


7-08 

296 

258 

17 ( 3-6.5) 

Cardiac failure 

Xormal 

EXB.ChPIp 

7-09 

290 

254 

15 ( 3-65) 

Cardiac failure 

Xormal 


7-10 

76 

.41 

28 (15-65) 

Cardiac failure 

Xormal 


7-41 

238 

202 

17 (10-20) 

Cardiac failure 

Xormal 

Yeast, autoclaved (dry)® 

7-11 

273 

231 . 

0 

Cardiac failure 

Xormal 

Yeast, autoclaved (dry)® 

7-40 

244 

206 

0 

Sacrificed 

Xorm.ll 

Yeast, auto, (dry) B,? ' 

7-14 

280 

238 

0 

Sacrificed 

X'ormal 

Yeast, autoclaved (alk.) 

7-12 

447 

103 

(See footnote 4) 

Cardiac failure 

Xormal 

Yeast, autoclaved (alk.) 

7-42 

101 

67 

(Sec footnote 4) 

Cardiac failure 

Xormal 

Yeast, auto, (alk.) BjP ’ 

7-13 

241 

204 

(See footnote 4) 

Sacrificed 

Xormal 


C-o4 

410 

320 

42 ? (40-90) 

Cardiac failure 


Liver, desiccated 

6-62 

327 

239 


Sacrificed 



6-79 

318. 

230 

41 ? (40-50) 

Sacrificed 



* R refers to riboflavin 0.12, X ninein 1.20, B, pvridoxine 0.20, Ch choline 10.00, P c.ilcium 
pantothenate 0.50, I inositol 0,10, p para-aminobenzoic acid 0.1 mg, per kilo body weight dail.v. 


"Animals in previous series (Wiutrobe et ah, ’42 b: Follis ct al., ’13). 

“Pig 7-11 was fed alkaline autoclaved yeast until the age of 138 days. Pig 7-40 «as gi'cn 
0.50 mg. calcium pantothenate per kilo body weight daily until the age of 10.3 days. Thus hot i 
animals received a larger supply of calcium pantothenate than they would have had, had c 
yeast supplement from the age of 3' weeks been dry autoclaved yeast. All pigs receiving yea., 
were fed 3 gm. per kilo body weight daily. 

* The thiamine content of these yeast samples was not measured. 

been. no adequate justification for the assumption that the lack of tliw- 
iiiine was the specific cause of the changes observed. Surely clas.sica^ 
beriberi, occurring as it does in persons consuming a diet coiisishi'e 
almost exclusively of polished rice, is a multiple deficiency disoic ci- 
The effects of therapy with thiamine in cases of “multiple neiui i? ^ 
have not been such as to convince the critical observer that ei cn iia^ 
improvement must necessarily have been attributed to t namme 
(Brown, ’41; Strauss, ’43). .. 

The onlv exceptions to the above statement are the repoits of 
liams et al'., (’43) and Najjar and Holt (’43). Williams and coworhc .. 




INEPPBCTIVENESS OF VITAMIN E IN PBEVENTING 
CHOLESTEROL DEPOSITION IN THE AORTA ' 


HENHIK DAM 

Departments of Anatomy and SioehemUtry, University of Rochester, 
ScJiool of Hedicine anrf Dentistry, Rochester, New York 

(fieccived for publication May 16, 1044) 


Tile fact that vitamin E deficiency causes an increase in the choles- 
terol content of muscles in rabbits, rats and chicks (Morgulis, et ah, ’38; 
Heinrich and Mattill, ’43; Dam, ”44a) and affects at least part of the 
vascular system, i. e., the capillaries, in chicks (Dam and Glavind, 
’39) and in the rat’s fetus (Mason, ’42, ’43) naturally leads to the 
question whether the presence or absence of vitamin E might not in- 
fluence the deposition of cholesterol in the aorta of animals fed a diet 
rich in this substance. 

An investigation of this question has been carried out with I’abbits 
and chicks, species which are known to deposit cholesterol in the aorta 
during prolonged cholesterol-feeding. In the experiments with chicks 
the additional effect of orally administered lipocaic and inositol was 
studied, since these substances are known to exert an influence on the 
vascular symptoms in vitamin E deficient chicks (Dam and Glavind, 
’42); while lipocaic has also been reported by certain authors to 
counteract cholesterol atherosclerosis in rabbits, other investigators 
appear not to be in accord with this finding. The experiments with 
rabbits were carried out flr.st. Since the aorta showed no significant 
changes it was decided in the chick experiments to extend the cholesterol 
determinations to certain other tissues in addition to the aorta. 

.. EXPEKIMBNTAIi 

In the e.xperiments with rabbits 3 groups of young animals weigh- 
ing about 1400 gm. were reared on a basal diet of ground oats to which 
■was added 5 mg. diacetate of 2-methyl-l, 4 napthohydroquinone per 
kg., supplemented with 50 gm. of carrots per animal per day. One 
group was given 1% powdered cholesterol mixed with the ground 

’AiCea Sy a grant 'from tho Joaiaii Macy, Jr., Foumlation. 
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oats - and anotlier group received 100 mg. d, l-alpha-tocopberol ace- 
tate =* per kg. of the oats-cholesterol mixture. After 85-97 days of 
feeding the animals were killed and the aortas, from the aortic valve 
to the bifurcation, were removed and analyzed for cholesterol after 
the method' of Hoffmejmr and Bjdrnsson (’40). This procedure in- 
volves hardening the tissue in 4% formaldehyde solution for 24 hours, 
removal of the adventitial fat by scraping, drying in vacuo at room 
temperature to constant weight, dissolution in 60% KOH by heating 
on a steam bath, extraction Avith ether, washing and evaporation to 
dryness. After dissolving tlie noii-saponifiable matter in chloroform 
the cholesterol was determined in an aliquot part by the Liebermaun- 
Burchard reaction. The results are presented in table 1. 

. Chicks Avere reared in ordinary brooders with wire screen bottom 
and fed, during the first 61 days of life, a basal diet deficient in vitamin 
E and containing 30% lard (diet 190, Dam, ’44a). Supplements of 
cholesterol, tocopherol,® inositol and lipocaic ^ were given as indicated 
in table 2. The aortas of the chicks in each experimental group Avere 
pooled and analyzed for cliolesterol by the same method used for rab- 
bit aortas. In order to compare the possible effect on the aorta Avith 
that on other organs, livers, breast muscles and brains (cerebrum and 
cerebellum) were also examined, 1-gm. samples of these organs being 
dried in vacuo to constant AAmight Avithout formalin treatment. For 
practical reasons it Avas necessary to pool the corresponding tissues 
from different individuals in some groups and therefore only average 
figures are presented (table 2). The experiments ari’anged betAveen the 
horizontal lines in table 2 AA’^ere carried out simultaneously. 

RESULTS 

Ral)bit experiments 

According to Hotfmeyer and B.if(rnsson ( ’40) the upper limit for nor- 
mal cholesterol values in rabbit aortas, as determined by their method, 
is 5 mg. per gm. drj- AAmight. In the present experiment the group Avith- 
out ingested cholesterol showed Amlues from 5.7 to 10.2 mg. per gm. 
The reason for this is not clear. The A'alues for the aorta cholesterol 
in the tAAm cholesterol-fed groups are irregular but increased A-alues oc- 

’ Although cholesterol is usually fed as a solution in oil to facilitate its absorption, tj^ 
rel^ively large amounts fed in the powdered form compensated for the lower absorba 1 1 . a 
caused deposition in the aorta and other tissue. 

■ • “ “Bphynal acetate," kindly supplied by Hoffmann-La Roche, Inc., Nutley, X. L 

< Kindly supplied by Dr. L. R. Dragstedt, University of Cliicago and The Eli Lilly Kcsc. 

Laboratory. 
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cur Bot only in tlae group u-liicli received no added vitamin E but also 
in the group which received tocopherol. This latter substance, there- 
fore, did not prevent the cholesterol deposition. It is of little import- 
ance for this conclusion that the basal diet was not devoid of vitamin E. 

T.rDt.E 1 


Jnfiufncc of feeding ehdtftterol and I'l/amm E on mariahtp and choleHerol content 
of the aorta of rahbiU. 


GROcp AO^rnosTO 
BAailiDIET 

DATS on DJCT 

VZTTIl. 

Deatti KtIUd 

DflTUl* 

WEIGltT 

TISXU 

weioitr 

■tOTAU 

CIIOtiKSTEEOI. 

IN DEIKD 
AOETA 




pm 

iTfrt 

mp f>frpvi 


D5 


1430 

927 

5,7 


52 


1550 

1221 




92 

1347 

1995 

6.4 



91 

1640 

1498 

6.5 

1 none 


92 

1365 

1623 

9.5 



35 

1355 

1268 

10.2 


37 


1530 

1122 




92 

1505 

2175 

9.7 


25 


1425 

940 



50 


1630 

1144 



93 


1355 

1476 

20.6 


58 


4422 

3325 



73 


1375 

1010 


2 1% 


92 

1335 

1456 

15.0 

eholesterol 

2«i 


1388 

1080 



48 


1270 

990 



45 


14’1 

1020 



41 


1461 

879 




88 

JJ3I 

1244 

32.7 


56 


1316 

1115 


1% 


97 

1440 

1380 

.5.1 

cliolesterol 


97 

1345 

1585 

7.5 


56 


1345 

955 


S d, ?-alpha 


92 

1392 

1458 

18,7 

tocopherol 


92 

1345 

1228 

22.0 

acetate 


92 

1390 

1510 

58.6 


^Vhile Uie rabbits grew slowly and irregularly on the basal diet 
and some of them died, the cholesterol feeding without added r-itamin E 
caused a considerable increase in the mortality, making it necessary 
to include many more individuals in group 2 in order to obtain aortas 
which had been exposed to the cholesterol feeding for the same length 
of time as in the other groups. Ingestion of a substantial amount of d, 
1-nlpha-toeopberol acetate lowered the mortality. Thi.s seems to in- 
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dicate tliat the basal diet did not furnish vitamin E in sufficient amount 
to enable the animals to resist a general deleterious effect of the cho- 
lesterol feeding. The life-prolonging effect of vitamin E in these ex- 
periments in which the basal diet is imbalanced, probably also as far 
as the protein is concerned, resembles the effect of this vitamin on rats 
reared on a diet with fatally low protein content (Dam, ’44b). 

The chick experiment 

The chicks which were fed 2% cholesterol in addition to the high-fat 
diet had about three times as much cholesterol in the aorta as those 
which received the high-fat diet only. This finding that cholesterol- 
feeding causes deposition in the aorta in chicks is in accordance 
with those of Dauber and Katz (’42). The extent of cholesterol de- 
position was not significantly influenced by dietary supplements of 
vitamin E, or by additions of lipoeaic or a large amount of inositol 
together with vitamin E. Since the diets contained yeast the experi- 
ments do not answer the question whether the cholesterol deposition 
would have been more marked if the basal diet had been completely 
free from inositol, but this circumstance does not interfere with the 
conclusion that vitamin E could not 'prevent the increase in aorta 
cholesterol even when lipoeaic or inositol was added. 

As already indicated, some workers (Huber et ah, ’37) have reported 
that lipoeaic tends to inhibit deposition of cholesterol in the rabbit 
aorta while others (Vermeulen et ah, ’42) have been unable to con- 
firm this. The present experiments, though carried out with another 
species, agree with the findings of Vermeulen et a!., ’42. 

The data in table 2 show further that, just as was the case with 
respect to the aorta, the total cholesterol content of liver and brain 
was not influenced to any marked degree by the presence or absence 
of vitamin E, whereas the muscles showed a clear response. Additions 
of vitamin E to the basal diet, and to the basal diet with 2% cholesterol 
added, caused a decrease in muscle cholesterol somewhat greater than 
the increased deposition caused by the addition of cholesterol. 

As was to be expected, the brain cholesterol did not change by cho- 
lesterol feeding whereas the liver took up a large quantity. The latter 
phenomenon was influenced in opposite directions by lipoeaic and 
inositol. The finding that inositol reduced the cholesterol deposition in 
the liver is in agreement with the observations of Forbes ( ’43) but the 
finding that lipoeaic increased it was surprising in view of what had 
been found in e.xperiments with rabbits by Vermeulen et al. ( '42). 
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Ingestion of liigli cholesterol together with high' inositol seemed 
to have a noxious influence on the chicks since they nad a mild perosis 
were less vigorous and gained in weight more slowly than those receiv- 
ing lipocaic or no addition to their cholesterol-rich diet. Ingestion of 
lipocaic together with cholesterol seemed to have an opposite effect. 
A more detailed study of the problems raised by these observations 
may throw some light on the effect of inositol and lipocaic on cholesterol 
metabolism. 

SUMMARY 

• 

1. Vitamin E, fed as 10 mg. % d, 1-alpha-tocopherol acetate in the 
basal diet, failed to modify the deposition of cholesterol in the aorta in 
(a) rabbits fed a diet of ground oats and carrots plus 1 % cholesterol, 
and in (b) chicks fed an artificial diet deficient in \dtamin E and con- 
taining 30% lard and 2% cholesterol, with or without addition of 1.5% 
inositol or 2% lipocaic. 

2. The vitamin E supplement prevented a high mortality occurring 
in rabbits fed the oats-carrots-cholesterol diet, reduced the normal 
cholesterol content of muscles in chicks fed the basal artificial diet, 
and the increased muscle cholesterol of chicks fed the same diet sup- 
plemented with 2% cholesterol;, the explanation of these effects is ob- 
scure. 

3. In chicks inositol feeding reduced, and lipocaic feeding increased, 
the extensive deposition of liver cholesterol following additions of the 
latter to the basal diet. 
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TOXICITY OF FBACTIONS OF HOG LIVER FATTY ACIDS 
TO CHICKS FED A VITAMIN B DEFICIENT DIET* 

HENBIK DAM 

Departments of Anatomy and Siochemtstry, Universiiif of Dochesier 
School of ’Medicine and Dmiistry, Eochester, Xeto Tork 

TWO riflURES 

(Received for publication Jlay 16, 1944) 

It is known that cliicks reared on a vitamin E deficient diet will 
develop encephalomalacia or exudative diathesis when the diet contains 
a sufficient amount of fat containing highly unsaturated fatty acids. 
Which of the two BjTnptoms will be the main clinical manifestation of 
the disorder is largely determined by the composition of the diet 
(Dam, ’44). The nature and amount of the fatty acids in the diet is 
particularly influential in this respect. For instance, with the basal 
diet 182 (Dam, ’44) the main sjTnptom will be exudative diathesis when 
tlie fat supplement of the diet (about ) consists of the fatty acid 
mixture from cod liver oil, but encephalomalacia when it consists of 
the fatty acids from hog liver fat. 

The various highly unsaturated fatty acids are, at present, not 
easily available in sufficient quantities for a comparison of their ability 
to provoke these two sj-mptoms. It has therefore been attempted, as 
a preliminaiy step in this investigation, to divide the fatty acids from 
hog liver fat into three fractions of varying degree of unsaturation 
and to compare the effect of these fractions on the symptoms. 

EXPERIMENTAL 

Seven and one-half kilograms of powdered dried hog liver were ex- 
tracted with ether in a continuous extractor for 24 hours. The fat was 
saponified at room temperature in other solution with 100% excess of 
potassium hydroxide in methanol for 24 hours, after which water was 
added and the non-saponifiable fraction removed by many shakings 
"ith ether. After acidification with HGl, the fatty acids were extracted 
with ether, washed with water, dried with sodium sulfate and the ether 
removed in vacuo. The fractionation of the fatty acids was carried out 

’Aided by a grant from tlie Josiab Macy, Jr., Foundation. 


297 



298 


HENRIK DAM 


in accordance witli the method of Brown and Stoner ( ’37) j namely, bv 
preparing a 10% .solution in acetone, freezing at tliree different tem- 
peratures, filtering and washing. The f olloAving fractions were obtained : 
fraction 1, separated from the acetone solution above — 20‘’0., solid 
at room temperature, iodine value 5, amount 241 gm. ; fraction 2 
sepai-ated between — 20°C. and — 72°C., liquid at room temperaturei 
solid at 0°C., iodine value 104, amount 216 gm.; fraction 3, remaining 
in solution at — 72°C., liquid at 0°C., iodine value 242, amount 200 gm. 

The three fractions were tested with groups of ten newly hatched 
chicks as described by Dam ( ’44), first as 4% supplements to the vitamin 
E-free diet 182 (without cod liver oil). No other fat was given other 
than 1 drop of oleic acid (29 mg.) per animal twice a week as solvent 
for the concentrates of vitamins A and D. The fractions were added 
fresh to the diet ever^'- day, the bulk of them being kept in vacuo at 0°C. 
during the period of the experiment. The peroxide value of the most 
unsaturated fraction, determined after the method of King et al. (’33), 
was less than 4 milliequivalents per 100 gm. at the end of the experiment 
and the iodine was unchanged. In the case of fraction 3 which proved 
the most active one, the protective action of d, 1-alpha-tocopherol acetate 
was tested, and also the effect of a much smaller amount of this fraction 
was determined, namely, 1 drop (24 mg.) per animal per day during 
the first 10 days, the daily dose being increased by 1 drop per animal 
for every subsequent 10-day period. The amount given in this way 
corresponded to approximately 0.5-0.6% of the diet consumed. 

The method of observing and recording the symptoms was as pre- 
viously described (Dam, ’44). The graphs give a survey of the results. 

RESULTS 

The least unsaturated fraction 1 (exp. 2) gave only two instances of 
exudate, both fully developed but appearing rather late, and no en- 
cephalomalaeia. Since neither oleic acid (Dam, ’43, ’44), palmitic, nor 
stearic acids (unpu bished findings) give rise to symptoms when fed in 
similar amounts, the exudates must in this case be attributed to the 
small amount of highly unsaturated acids 'which accompanied the 
saturated acids in this fraction. 

Fraction 2, consisting mainly of oleic acid together with small amouu s 
of more highly unsaturated acids such as linoleic, produced bo » 
exudates and encepbalomalacia wnth about the same frequency (exp. )> 
the exudates appearing somewhat earlier than in experiment 2. ac 
bird had an intrapericardial exudate, as previously observed (Dam, 
in experiments with hog liver fatty acids. 
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Fraction 3, consisting maiuly of linoleic and move unsaturated acids, 
gave a vei 7 early onset of severe enceplialomalaeia ivhieli killed nearly 
all the animals between the tenth and the twenty-first days of the 
esperiment (exp. 4). At autopsy some of the birds in this group showed 
redness (fine hemorrhage) of the subcutaneous adipose tissue, which 
is the first stage in the development of exudate and is arbitrarily 
counted as a “half exudate” in the graph. The deleterious effect of 


1 


t I I L— . A, 

< lODdijs > 

Exp.l. Diet 182 without cod. liver oil 



Exp. 2. Diet as in Exp. 1 + of fraction 1 



Abscissa: days. 

OrtUnate: number of animals. 

Pull line from bottom: development of exudate. 

Pull line from top; deaths of animals n-itJiout exudate. 

Broken line from bottom; development of cncephnloinalacia. 
Broken line from top: dentha of animals without enccphalomalaeia. 
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fraction 3 ^vas completely prevented xvlien the diet contained 10 mg. % 
d, 1-alpha-tocopherol acetate - |exp. 5). ^ . 

When fraction 3, was given in relatively small amounts corresponding 
to 0.5-^).6% of the diet (exp. 6), both encephalomalacia and fully de'^ 



^jExp.^ I?iet ct$ in. Exp. 1+4% 
of fraction 3 




Exp. 5 Diet as in Exp. A +10 
d, 1-aIphatocoph.erol acetate. 



Exp. 6.Diet as bi'Exp.l +small ajnotmt'’of fiad.iDn3(compare text) 


Abscissa; days. 

Ordinate; number of animals. 

Full line from bottom ; development of exudate. 

Pull line from top; deaths of animals Trithout exudate. 

Broken line from bottoni: development of encephalomalacia. 

Broken line from top; deaths of animals nuthout encephalomalacia. 

’ Ten mg. % is probably far above the limit of the protective dose. This 
because it has been used ■with many other diets and always gave full protection. i 
(containing 5% cod liver oil) the limit for protection has been found to lie between . - 
1.25 mg. % in a 5-wcek experiment. 
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Tcloped exudates occurred, but these symptoms appeared more slowly 
than when the fraction was fed as 4% of the diet. Encephalomalacia 
was still the predominant symptom though less so than when 4% was 
given. None of the fractions tested gave encephalomalacia as the only 
sjTnptom. It would nevertheless be of interest to study the effect of the 
individually fatty acids, especially those occurring in fraction 3. 


DI8OTSSIOK 


The following represents a tentative interpretation of the observa- 
tions reported here. As showm in previous experiments (Dam, ’44) 
the lime which elapses from the beginning of feeding to the onset of 
symptoms is sufficient for the accumulation of dietary fatty acids in the 
tissue lipids to such an extent that it influences the iodine value of 
the phospholipids, those of brain tissue being less altered than those of 
muscle and liver. It seems likely, therefore, that the presence of a 
certain amount of highly unsaturated fatty acids in the tissue lipids 
(phospholipids or others) is a prerequisite to the development of the 
symptoms. Since the two symptoms are both dependent upon ingestion 
of highly unsaturated fatty acids and preferably affect tissue which is 
rich in lipids (adipose tissue, brain tissue), and since the first gross 
change in the tissues in both cases consists of fine hemorrhages followed 
by edema or exudation, exudative diathesis and encephalomalacia may 
be due to the same biochemical disturbance occurring in different 
tissues — a possibility which has been referred to earlier (Dam, ’44). 
It is known that the lipids of brain tissue ore influenced less by the 
dietary- fat than is the fat of adipose tissue, and it is therefore possible 
that ingestion of a small amount of unsaturated acids will mainly affect 
the adipose tissue or muscle tissue and cause exudative diathesis in this 
tissue when given sufficient time (exp. 2). However, if the brain tissue 
IS more sensitive to a certain change of the lipids, the ingestion of a largo 


amount of unsaturated acids may cause severe cerebellar or cerebral 
disturbances leading to death before the other symptom is fully devel- 
oped (exp. 4). 

The way in wliich the cellular damage is brought about could be one 
of the following; (1) The damage is caused by some abnormal oxida- 
tion of the highly unsaturated fatty acids in the tissue which can be 
jnevented by the presence of a sufficient quantity of vitamin E, and 
oon, locally, cause the destruction of the vitamin if the latter is present 


III such minute quantity that it cannot halt the oxidation, or (2) the 
Piesence of highly unsaturated fatty acids imparts such physical or 
physico-chemical properties to the lipid phase of the vascular wall, that 
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tlie latter, latently danaaged by the absence of vitamin E, is more apt 
to give way to hydrostatic and osmotic forces. The possibility that 
destruction of traces of vitamin E in the diet through rancidity might 
play a role in the development of the symptoms has already been ruled 
out (Dam, ’44). 

The above-mentioned considerations do not explain the previously 
observed modifying effect of the protein-carbohydrate ratio, lipocaic, 
inositol or cholesterol; neither do they explain the quantitative differ- 
ence in the effect of hog liver fat and cod liver oil on the two s:s'mptoms. 


summaht 

Three fractions of hog liver fatty acids were tested for their effec- 
tiveness in producing exudative diathesis and encephalomalacia in chicks 
reared on a vitamin E deficient diet. 

When fed as 4% supplements to the diet, the least unsaturated frac- 
tion (iodine value 5) had little effect and gave only exudates; the inter- 
mediate fraction (iodine value 104) gave both exudates and eneephal- 
omalacia, whereas the most unsaturated fraction (iodine value 241) 
caused a rapid onset of severe encephalomalacia and early death of the 
animals. The deleterious effect of this fraction could be prevented by 
d, 1-alpha-tocopherol acetate. When fed in smaller amounts correspond- 
ing to 0.5-0.6% of the diet, the most unsaturated fraction gave both 
exudates and encephalomalacia. 

The significance of the incorporation of dietary fatty acids in tissue 
lipids as a prerequisite to the symptoms is discussed. 
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MEAD JOHNSON AND COMPANY 
<B-COMPLBX’ AWARD 

Nominations are solicited for the 1945 Award of $1,000 
established by Mead Johnson and Company to promote I'e- 
searches dealing nith the B complex vitamins. The recipient 
of this Award will he chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute at Cleveland 
on May 8, 1945. 

The Award will be given to the laboratory (non-clinical) 
or clinical research worker in the Hnited State.s or Canada 
who, in the opinion of the .iudges, has published during the 
previous calendar year Jannai’y 1st to December 31st the 
most meritorious scientific report dealing with the field of the 
‘B-complex’ rntamins, Wliile the award will bo given primarily 
for publication of specific papers, the judges arc given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the prize be divided between two or more 
persons. It may also be recommended that the award be made 
to a worker for valuable contributions over an extended period 
but not nece.ssarily representative of a given year. Member- 
ship in the American Institute of Nutrition is not a requisite 
of eligibility for the award. 

To be considered by the Committee of .Tudge.s, nomination.s 
for this award for work published in 1944 must be in the hands 
of the Secretary by January 15th, 1.945. The nominations 
should be accompanied by such data relative to the nominee 
and his research as will facilitate the task of the Committee 
of .Trrdges in its consideration of the nomination. 

AHTHim H. Smith 

YTaifrte Universitf/ College of Medicine 
Detroit, Michigan 

Sechetart, AitERrcAN Institute of XMfRmoN 
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BORDEN AWARD IN NUTRITION 


The American Institute of Nutrition will make this award 
in recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
The award vdll be made pi-hnarily for the publication of 
specific papers, but the judges may recommend that it be 
given for important contributions over an extended period of 
time. The award may be divided between two or more investi- 
gators. Employees of the Borden Company are not eligible 
for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute 'at Cleveland, May 8, 1945.- To be considered 
for the award, nominations must be in the hands of the Chair- 
man of the Nominating Committee by January 15, 1945. The 
nominations should be accompanied by such data relative to 
the nominee and his research as ■will facilitate consideration 
for the award. 

Frederick J. Stare 
. Harvard Medical School 
Soston, MassachvseUs 

Chairatak, Nominating Committee 
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THE NUTRITIONAL SIGNIFICANCE OF INOSITOL 


D. W. WOOLLEY 

Laboratories of the Jtochefeller Institute for Medical It' search, New Torh 
1 (Eeceived for publication June 29, 1944) 

During the past few years interest in the nntritional properties of in- 
ositol has increased to such an extent that a review of published work in 
this field has seemed advisable, not only to survey and evaluate what 
has already been done, but also to delineate some of the paths that 
future investigators may find profitable. Limitations of space will not 
permit an exhaustive review of the subject of inositol, and hence the 
role which this substance plays in intermediary metabolism as well 
as some physiological and chemical considerations of interest must be 
passed over. An attempt rvill be made, however, to summarize briefly 
present knowledge of the requirements of various species for inositol 
in the diet. , ' 


INOSITOL AS A MICnOBIAL GItOWTH FACTOE 

The earliest observation on the nutritional significance of inositol 
was that of Eastcott (1) who isolated a growth stimulant for yeast 
from tea, and showed that it was meso-inositol. Eastcott ’s observation 
did not at first find ready acceptance (2), possibly due to inadequacies 
in biotin and pantothenic acid (2, 3) of some of the basal media used, 
hut now has been amply confirmed and is used as the basis of the quanti- 
tative method for the estimation of inositol (4). 

Several other fungi have been shown to require inositol for maximal 
grmvth (5, 6, 7), but thus far it has not been demonstrated to be re- 
quired by any bacterial species. Indeed, many bacteria do not contain 
the substance in detectable amounts (8, 9), although certain others, 
notably Pseudomonas and several sporeforming species, contain con- 
siderable quantities. If this failure to detect inositol in several bacteria 
really is due to its absence from these forms and does not merely 
represent lack of sufficient sensitivity of the assay procedure, it con- 
stitutes an exception to the theory norv current that all those ivater- 
soluble vitamins which are not required in the medium are synthesized 
the cell. 
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INOSITOL AS A DraTABY ESSENTIAL FOB ANIMALS 

Mice 

Tlie present interest in the nutritional significance of inositol stems 
from the work of Woolley who in 1940 (10, 11) showed that a disease of 
mice of dietary origin, characterized by marked alopecia and retarded 
growth, was cured by inositol. A striking sign of the disease was the 
pattern of the alopecia (12). Hair was never lost from the head or tail 
or from the legs below the knees, while the areas of loss of hair on most 
other parts of the body were bilaterally symmetrical and in these areas 
the alopecia was nearly complete. In contrast to these findings Martin 
(13) observed only slight alopecia in mice fed a diet deficient in inositol. 
Woolley (9, 14} observed that the incidence of signs of inositol defi- 
ciency was usually not above 50% and that the amount of pantothenic 
acid in the diet had a marked influence on the appearance of the con- 
dition. Thus, in the absence of pantothenic acid, alopecia developed 
even though the ration contained adequate inositol. However, in the 
presence of large amounts of pantothenic acid and in the absence of 
inositol some animals still developed signs of inositol deficiency, and 
died unless the latter compound was administered. Analyses of the mice 
for inositol showed that the level fell to about half the normal value 
in the carcasses of affected animals (9). 

"While not of importance nutritionally, the work of Laszlo and Lench- 
tenherger (15) is of interest. These investigators reported that the 
daily intravenous injection of minute amounts of inositol prevented 
the development of transplanted tumors in mice. Strangely enough the 
effect was only observed following intravenous administration and was 
not seen when other routes were employed. 

Bats 

Shortly after the demonstration of the eflfect of inositol on alopecia 
in mice the influence of this substance on various experimental diseases 
of rats was examined. Gavin et al. (16, 17) reported that a type of fatty 
liver of rats induced by the feeding of biotin concentrates was treated 
successfully with inositol. Since that time several other investigatois 
(18, 19) bave observed beneficial effects of inositol on fatty livers in 
rats even when the fatty livers were produced without the aid of biotm. 
A lipotropic action of inositol in man under certain conditions has een 
reported (20). Paveek and Baum (21) stated that the alopecia around 
the eyes seen in certain deficient animals (the so-called “spectacle eye ) 
was promptly cured with inositol. Subsequently Nielsen and Blve ijcra 
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(22) were inclined to view “spectacle eye” as a speoi^o sign of biotin 
deficiency not curable by inositol. 

There are data ■which indicate that the rate of gro'wth of rats fed an 
othenvise adequate, highly purified diet is increased by inositol (18). 
On the other hand, rats have been raised to maturity on a diet fi'ee of 
inositol (23, 24), Martin (25) reported that the addition of p-aminoben- 
zoio acid to a highly purified ration produced a syndrome characterized 
by poor growth and changes in fur which was preventable by inositol. 
Somewhat analogous effects have been observed by others (26, 27). 
Curiously enough, the diet when supplemented with neither p-amino- 
benzoio acid nor inositol was adequate for the rats. Furthermore when 
this ration -was supplemented with inositol alone a definite deleterious 
effect was observed which was prevented by p-aminobenzoic acid. 

Sure (28) presented data which indicated that inositol and p-amino- 
benzoio acid, especially the former, when fed to mothers receiving 
a highly purified diet, considerably improved the percentage survival of 
newborn rats. In a subsequent paper (27) Sure attributed the action 
largely to p-aminobenzoic acid. Climenko and McChesney (29), on the 
other hand, attributed the action largely to inositol. 

When diets of more complex nature than the ones in the above 
studies were used, a striking, beneficial effect of inositol on rats was 
observed by various workers. Thus Cnnha et al. (30) found that when 
rats were fed a diet made up largely of coi’u, soybean meal, salts, and 
alfalfa, they grew suhoptimally and developed alopecia, similar in dis- 
tribution and ebaraoter to tbatj observed by Woolley in inositol-de- 
ficient mice. That the syndrome represented inositol deficiency in rats 
was readily demonstrated by feeding this compound. Shortly after the 
appearance of this paper Nielsen and Black (31) showed that when rats 
were fed a highly purified diet containing all of the knoivn vitamins 
including biotin and folic acid, and sulfasuccidine, they failed to grow 
optimally and developed alopecia. Growth was restored and alopecia 
prevented by administration of inositol. The sulfonamide had in some 
Way brought put a need for inositol. 

Cotton rats 

Mclutire.et al. (32) reported that the addition of inositol to a highly 
purified diet practically doubled the rate of growth of cotton rats. 
This is the greatest effect on growth rate which has been observed 
With any species in which highly purified diets supplied with ample 
nmonnts of the known ■vitamins (and not supplemented -with sulfona- 
mides) -were used. 
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Guinea pigs 

Hogan and Hamilton (33) observed that tbe rate of gi-owtli of guinea 
pigs^ fed on a partially purified diet was increased by tbe addition of 
inositol. 

Hamsters 

Hamilton and Hogan (34) reported that, while the rate of giwtli of 
hamsters was not increased by inositol, those animals raised on the in- 
ositol-deficient diet had difficulty in reproduction. ]\'Iany of tbe young 
were born dead or as bloody shapeless masses, and some of the mothers 
succumbed during parturition. Animals fed inositol did not show these 
signs. Cooperman et al. (35) observed inci’eased rate of grovdh in 
hamsters following addition of inositol to a purified diet. , 

Chickens 

Hegsted et al. (36) reported that the rate of gi’owth of chicks fed a 
partially purified diet was increased slightly by addition of inositol. 
Dam (37) observed that inositol added to a tocopherol-deficient diet 
prevented encephalomalacia and exudative diathesis — two signs fre- 
quently seen in tocopherol-deficient chicks. In this connection it is in- 
teresting to speculate whether the substance in soybean oil reported to 
be necessary in addition to tocopherol for the cure of tocopherol defi- 
ciency in chicks (38), may not be lipositol (39) the inositol-containing 
phosphatide which is present in large amounts in soybeans.^ 

SYNTHESIS OF INOSI'^OL BY ANIMALS 

In considering the nutritional significance of inositol it is necessary 
to note that several species_of animals have been shown to sjmthesize 
the compound. Vohl in 1858 (40) was able to isolate quantities of inositol 
from the urine of a man vdth diabetes insipidus far in excess of the 
amount we now know could have been obtained from the food. The extra 
inositol excreted probably arose from sjmthesis, or possibly from tissue 
breakdown. Following this lead, Needham in 1924 (41) showed that 
rats rendered polyuric by administration of salt excreted more inositol 
than was ingested. Since the excretion of this excess of inositol con- 
tinued over long periods, it was concluded that the rats were synthe- 
sizing the substance. Woolley (9) demonstrated that mice fed a syif- 
thetic diet frequently synthesized inositol in amounts almost equal to 
the minimal effective dose of the compound for this species. At least 
one point of origin of this synthesized inositol "was shown to be the ni- 

’ Patrick has recently (Gibson Island Conference, 1944) recognized that tliis effect is mercl, 
dne to the antioxidant action of rarious phosplia tides. 
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testinal flora of the mice. Needham (42) and Snell and Quarles (43) 
reported that during the incubation of eggs considerable inositol was 
synthesized. However, "Woolley (44) showed that these observations on 
eggs were in error due to inadequacies of the methods of analysis used, 
and that what actually occurred during incubation was the conversion 
of an inositol compound into free inositol. 

IS INOSITOL A DIETARY ESSEXTIiVL! 

It is quite evident that there is no unanimity of opinion as to whether 
or not inositol should he regarded as a dietary essential. The fact that 
several workers have been able to obtain good growth of rats, mice, and 
chicks when these animals were fed highly purified diets vei-y low in or 
devoid of inositol, and the fact that some of these species have been 
shown to synthesize inositol, must be pitted against the fact that several 
groups of workers have been able to observe moderate or marked bene- 
ficial results from the addition of inositol to the diets of mice, rats, 
guinea pigs, hamsters, cotton rats, and chicks. Several, but not all, 
of the less well marked responses and all of the failures have been ob- 
seived in animals fed liigbly purified diets wherein it is customary 
to mclude amounts of the pure, water-soluble vitamins considerably in 
excess of the levels of these which occur in natural diets. Furthermore, 
there may he substances in natural foods which, although not themselves 
necessary to the species under investigation, nevertheless exert a 
marked influence on the need for exogenous inositol. Thus, Gavin and 
McHenry (16) showed that the addition of biotin to purified diets for 
rats caused the production of a disease (fatty livers) which was due to a 
dietary deficiency of inositol. Woolley (9, 14) showed that the incidence 
ef alopecia as a sign of inositol deficiency in mice was in some measure 
dependent on the amount of pantothenic acid fed. In this connection, 
too, it is of interest to recall that Cunha et al. (30) observed their clear- 
cut case of inositol deficiency in rats not on a highly purified diet, but 
rather on one compounded from natural foodstuffs. Finally, in con- 
nection with the question of synthesis of inositol. It must be recalled 
that rats are able to synthesize choline (45) even though it can be 
demonstrated that they require choline or other suitable source of labile 
methyl groups in the diet. 

The production of inositol deficiency in rats fed a highly purified diet 
plus sulfonamide drugs (31) indicated either that these drugs in- 
creased the demands of the organism beyond its synthetic capacities 
er that the intestinal microorganisms which were checked by the drugs 
"cre acting as a source of inositol. The demonstration in mice that in- 
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ositol-syuthesizing microorganisms were present in the intestinal tracts 
of animals whicli did not exhibit signs of deficiency, or of those wliich 
cured spontaneously, but were not detectable in animals with signs 
of the deficiency (9) may lend support to the hypothesis that failure 
to observe inositol deficiency is due to the presence in the intestinal 
tract of bacteria which synthesize the compound. However, much more 
work will have to be done before this postulate can be regarded 
as established. 

There are, finally, the several instances in which different groups of in- 
vestigators have noted rather marked beneficial effects of inositol on 
sevei’al species of animals fed on highly purified diets. In some of these 
cases death resulted unless inositol was present in the diet. These ob- 
servations were referred to in the preceding sections. ' 

METHODS OF ANALYSIS 

The most satisfactoiy method for the analysis of inositol now avail- 
able is that which depends on the fact that inositol is a stimulant of the 
growth of Saccharomyees cerevisiae (4). It is specific, rapid, relatively 
accurate, and allows the separate estimation of both free and total 
inositol (9). Furthermore, it has the very considerable advantage that 
since it requires only minute amounts of inositol, very small samples 
of tissue suffice for a determination. Williams et al. (46) proposed a 
somewhat similar method, but it suffers from the fact that enzjunic 
hydrolysis of the sample is employed to free combined inositol. One of 
the forms in which inositol occurs in tissues, namely lipositol (39), is not 
readily attacked by enzymes. 

Several chemical methods have been advocated for the estimation 
of inositol. The combustion method of Needham (47) lacks specificity 
and does not determine some of the combined forms. Young (48) pro- 
posed a method based on the reaction of inositol vuth potassium iodo- 
mercurate, but the procedure is lengthy, requires large samples of tis- 
sue, and may lack specificity since many polyhydroxj’' compounds react 
•with the reagent. Platt and Ghock (49) have advocated a method based 
on the fact that inositol, like other glycols, reacts Avith periodate. Steps 
were introduced to eliminate other naturally occurring glycols from the 
tissue extract before analysis. The results on comparable animal tis- 
sues Avere in reasonable agreement AAuth those reported from the use 
of the yeast-groAvth method. 

STBUCTUEAL SPECIFICITY OF INOSITOL ACTION 

The only compound AAdiich has yet been found to have appreciable 
inositol action for the growth of Saccharomyees cerevisiae is meso- 
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inositol (3). Some slight activity was shown by mytilitol, a methyl in- 
ositol obtained from mussels (50), and for inositol monophosphate. 
-d-Inositol, 1-inositol, the monomethyl ethers of these compounds, i. e., 
pinitol and quehrachitol, quercitol, quinie acid, inositol hesaacetate, 
phytin, inositol tetraphosphate, soybean lipositol, and inosose were in- 
active for the yeast. In mice, the results were similar except that the 
esters of inositol, namely, phytin, inositol hesaacetate, and soybean 
lipositol were active. These facts are important because most of the 
above compounds occur naturally (see below). It is therefore necessary 
to know which of them are of importance nutritionally. Also, since the 
esters of inositol are active for the animal but not for yeast, it is es- 
sential to convert these esters to the free compound before proceeding 
to measure the inositol content of foods by the yeast-growth method 
if a true evaluation of the foods is to be had. 

It must he inferred from the results of Cunlia ot al. (30) that the in- 
ositol of phytin is not available to the rat. The ration which they used 
must have contained considerable phytin. If this inference is correct, 
the rat differs from the mouse in this respect. 

CHEmCAL STRUCTUnE OP INOSITOL 

For a substance which has been under investigation for as long as 
inositol, it is rather surprising to realize that its complete chemical 
structure has been established only within the last 2 years. The reader 
will infer that there were special problems involved in order that this 
should be so. It is beyond the scope of this review to go into the steps 
by which the structure was finally established, but reference must be 
made to the work of Postemak (51) and of Dangsehat and Fischer (52) 
who showed that the 6 hydroxyl groups are arranged about the oyclo- 
hesane ring in such a manner that four are below the plane of the ring 
and two are above. The two hydroxyls that are above the ring are in 1, 3 
position. 


NATURAL OCCURRENCE OP INOSITOL AND ITS DERIVATIVES 
A number of isomers and analogs of inositol occur naturally, but since 
ftey do not exhibit inositol action nutritionally, only their existence 
Will he noted here, and the reader will be referred to various handbooks 
such as that of Klein (53) for more extensive information. 

Meso-inositol itself occurs in nature in at least four forms: free in- 
ositol, phytin, lipositol, and a water soluble, non-dialyzable complex. 
Free inositol has been isolated from both plant and animal sources. 

, Phytin, the calcium and magnesium salt of inositol hexaphosphate, was 
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thought of until recently as an exclusive plant constituent. Its presence 
in many seeds has been knoAvn for decades. However, Eapoport (54) 
has shown that the erythrocytes of species such as the chicken and 
turtle in which these cells are nucleated contain appreciable quantities 
of phytin. 

Inositol as a constituent of special phosphatides has been knowi 
from the work of Anderson (55) who isolated it from the phosphatides 
of the tubercle bacillus, and from the work of lOenk and Sakai (56) 
who obtained inositol monophosphate from soybean phosphatides. The 
widespread occurrence of inositol in phosphatides, however, was seen 
when Folch and Woolley (57) showed that it was combined in the 
cephalin fraction of brain and spinal cord and thus recognized a new 
inositol-containing phosphatide in animal tissues. Although the pure 
phosphatide has not yet been obtained from animal sources, a similar 
compound has been isolated from soybeans (39) and shown to be com- 
posed of inositol monophosphate in glycosidic linkage with galactose, 
and combined with ethanolamine, tartaric acid, oleic acid, and saturated 
fatty acids. It was named lipositol. 

The occurrence of inositol as an integral part of a phosphatide and 
the r61e of inositol in the prevention of fatty livers bring to mind the oc- 
currence of choline in a phosphatide and its vitamin-like action in pre- 
vention of fatty livers of a different character. Perhaps the formation 
of lipositol is one of the uses to w’-hich dietary inositol is put by the 
animal. 

The existence of an inositol complex in heart muscle has seemed prob- 
able from the early observations of Eosenberger (58), but it was not 
until Winter’s work (59) that this complex was demonstrated by con- 
trolled experiments. During autolysis of heart muscle of certain species 
the complex was broken doivn to free inositol. It does not seem prob- 
able that this complex in heart muscle is lipositol since that organ is low 
in this compound, and since lipositol is not readily hydrolyzed during 
autolysis of tissues. Woolley (11) recognized a water-soluble, non-dialy- 
zable inositol complex in liver, and showed (9) that inositol complexes 
wmre present in most of the tissues that ivere examined. 

hlost plant and animal tissues thus far examined have been found to 
contain between 0.05 and 0.5% of total inositol on a dry weight basi.s 
(4, 60). Heart was the richest natural source since 1.6% of the dry 
■sveight of this organ wns found as inositol. In the few tissues which have 
been analyzed, approximately one-half of the total inositol was free 
(9), although the proportion which was uncombined varied from tissue 



INOSITOL IN NUTBITION 


313 


to tissi^. Tlio amount of total inositol in many natural diets is of the 
same order of magnitude as that which has heen found to prevent signs 
of inositol deficiency in the various species examined. 
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THE EFFECTS OP SUGAES ON THE EESPIEATOEY 
EXCHANGE OP OATS ‘ 


THOBN-E M. OAIiPBNTEE 

Laboratory, Carnegie Institution of TVashington, Boston, Massachusetts 
(Il€ccivcd for publication Juno 16, 1944) 

In our general program of research on the variations in the respir- 
ntorj- quotient and in the total metabolism of different species of animals 
after the ingestion of sugars, the cat has been studied as a representative 
of the Carnivora. Usually the diet of the cat is mainly of animal origin, 
although domesticated cats can be trained to cat foods of plant origin. 

ilETHODS AND PROCEDUKE 

The respiratory exchange of five nearly adult or fully gro^vn cats 
was determined by the open-circuit method, proportionate samples of 
the ventilating air current being collected in the Fox bag (Carpenter 
and Pox, ’31a) and subsequently analyzed by means of a gas-analysis 
apparatus (Carpenter, ’33). The gas-analysis apparatus was standard- 
ized daily by analyses of samples either of outdoor air or of air in 
which ethyl alcohol was burning. The average respiratory quotient 
af 129 samples of air passing over burning alcohol was 0.665 with a 
standard deviation of ± 0.0059. 

The respiration experiments - were made from 16 to 24 hours after 
food had been removed from the cats. The room temperature at which 
the cats were kept prior to the experiments varied according to the 
season, but the measurements of respiratory exchange were made at 
environmental temperatures between 20° and 28°C., usually 22° to 
Sd'O. Observations were made during eight successive J-honr periods 
under basal conditions (no dose), after ingestion of 75 ml. of water 
as a control, and after ingestion of 10 gm. of glucose, fructose, galac- 
tose, lactose, maltose, or sucrose, and combinations of 5 gm. each of 
glucose and galactose or of glucose and fructose. The sugars were dis- 
solved in 50 ml. of water at 37°C. and given by stomach tube, and 25 

'A preliminary report has heeu presented in the Fedetatioa Proceedings, to!. 3, p. 93 (’44). 

The respiration experiments Tvere carried out rrith the technical assistance of Jfr. Basil 
•’awes. 
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ml. of water was used to rinse the funnel and the tube. The measure- 
ments of the respirator}^ exchange were usually be^n about 20 minutes 
after the feeding. 

All the cats were male except A. Cat G was old, not in good physical 
condition, and finally died of some pulmonary difficulty. 

In the comparisons made in the following pages between cats and 
man, the statements regarding man are based on reports previously 
published by Carpenter and Fox (’30a, ’30b, ’31b, ’31c), Carpenter 
and Lee (’32a, ’32b, ’37a, ’37b, ’37c, ’38), and Boot and Carpenter (’42). 

RESULTS 

Respiratory quotient (R. Q.) 

The average respiratory quotients in the successive i-hour periods 
of measurement with the different cats are shown in table 1, grouped 
according to the type of experiment. Under basal conditions the aver- 
ages for the group varied in the eight periods from 0.76 to 0.77. The 
widest range in the average values for the individual periods was from 
0.74 with A to 0.78 with 0 and W. There was only a slight tendency 
toward a fall in quotient in the 4 hours. The average respiratory quo- 
tients for 4 hours on the 6 different days of measurement on each cat 
varied from 0.73 to 0.78 with A, from 0.72 to 0.80 with M, from 0.72 
to 0.82 vdth 0, and from 0.73 to 0.81 vdth W. Variations in the basal 
values of the B. Q. of cats reported in the literature are somewhat tlie 
same as these or greater. The average values in table 1 agree most 
nearly with those of Ring (’35). 

The effect on the R. Q. of the ingestion of water was only slight, on 
the average. This slight effect was most noticeable in general in the 
first i-hour period, although it persisted with G for the entire 4 hours 
and with "W for 3 hours. The other cats showed little or no efiect of 
the ingestion of water. In a few of the individual periods on particular 
days, the R. Q. values after water were lower than on the basal days. , 

The effect of the ingestion of 10 gm. of glucose was noticeable in ah 
periods. The average R, Q. for this group of experiments was 0.(8 in 
the. hrst period, and the average peak was 0.89 in the sixth and seventh 
periods. Both A and G had higher R, Q. values, on the average and in 
individual experiments, than did the other three cats. These two ani- 
mals were also the lowest in body weight. In two experiments wit i 
cat 0 and in one experiment "with cat A the measurements Avere con- 
tinued for 7i hours. In these particular experiments the maximum B. i- 
vith A was 0.85 in the fourth, fifth, and sixth periods, but with 0 tio 



TABLE 1 


Average rttgiraiary git(rticn<s af cats os affected hy ingestion of sugar. 


COXOinOX * XKD CAT 
(iS38.1B39) 

no. 

or 

aoor 

WKOHT 


MALT-noutt rEWOoa atter dosx 


EXPTS. 

(KO.) 

1* 

2 

3 

4 

6 

6 

1 T 

6 

Basal 

A 

6 

2.8 

0.76 

0.75 

0.76 

0.76 

0.76 

0.76 

0.75 

0.74 

Q 

3 

3.2 

0.77 

0.76 

0.78 

0.77 

0.76 

0.76 

1 0.7G 

0.75 

M 

6 

4.2 

0.75 

0.75 

0.76 

0.76 

0.76 

0.76 

j 0.77 

0.77 

0 

6 

3.9 

0.78 

0.76 

0.77 

0.76 

0.77 

0.77 

! 0.78 

0.76 

w 

6 

4.0 

0.78 

0.77 

0.77 

0.77 

0.76 

0.7C 

j 0.76 

0,75 

Water' 

A 

5 

3.1 

0.77 

0.76 

0.77 

0.76 

0.75 

0,75 

0.73 

0.74 

, G 

o 

3.5 

0.78 


0.80 

0.79 

0.78 

0.78 

0.7S 

0.78 

M 

G 

4.3 

0.76 

0.76 

0.77 

0.77 

0.77 

0.77 

0.77 

0.75 

0 

6 

4.0 

0.77 

0.75 

0.75 

0.75 

0.75 

0.74 

0.75 

0.73 

w 

5 

4.3 

0.82 

0.79 

0.79 

0.78 

0.77 

0.77 

0.76 

! 0.75 

Glocoso * 

A 

7 

3.3 

0.78 

0.83 

0.87 

0.89 

0.92 

0.91 

0.89 

0.84 

Q 

3 

3.5 ' 

0.81 

0.87 

0.93 

0.94 

0.96 

0.95 

t 0.94 

0.93 

M- 

6 

4.3 

0.77 

0.79 

0.82 

0.83 

0.62 

0.87 

0.87 

0.86 

0 

7 

4.0 ! 

0.77 

0.76 

0.80 

0.81 

0.83 

0.85 

' 0.86 

0.88 

w 

C 

4.4 ; 

0.79 

0.78 

0.81 

0.83 

0.85 

0.87 

1 0.88 

0.88 

Froctosc • 








! 



A 

6 

3.3 

0.76 

0.81 

0.85 

0.S6 

0.S6 

j 0.84 I 

0.82 1 

0.7.0 

G i 

4 1 

3.5 

0.78 

0.85 ; 

0.87 

; 0.88 

0.87 

, 0.87 1 

0.86 

0.85 

M 

® i 

4.4 

0.74 

0.77 1 

0.82 

0.83 

0.83 

1 0.83 t 

0.85 

0.82 

0 I 

c 

4.0 

0.77 

0.76 ! 

0.78 

0.79 

0.80 

i 0,81 1 

0.82 

j 0.81 

W 

7 

4.5 

0.80 

0.77 

0.79 

0.81 

0.82 : 

1 

i O.Sl j 

0.81 ! 

1 0.80 

A i 

S 

3,1 

0.77 

0.81 

0.84 

0.82 

0.84 1 

0.84 I 

0.84 j 

0.83 

G 1 

3 

3.4 

0.84 

0.88 

0.91 

0.91 

0.91 ( 

0.88 ' 

0.87 j 

0.87 

M 1 

• 5 

4.2 

0.73 

0.76 

1 0.80 

0.81 

0.81 

0.82 

0.82 1 

0.80 

0 ! 

5 

4.0 

0.77 

0.77 

1 0.80 

0.81 

0.81 

: 0.82 

0.82 J 

0.81 

W 

6 

4.5 

0.81 

1 0.77 

1 0.79 

0.S1 

0.83 

; 0.82 

0.83 

0.83 

A 

2 

3.4 

0.75 

0.78 

i 0.84 

0.86 

0.86 

0.88 

0.88 

0.87 

G 

ilaltoae ‘ 

1 

3.5 

0.86 

0.94 

0.96 

0.96 

0.97 

0.93 

0.95 

0.91 

A 

s 

3.5 

0.78 

0.80 

0.85 

0,87 

0.91 

0.90 

0.90 

0.8G 

Xf 

Lactose ' 

3 

4.1 

0.75 

0.75 

0.78 

0.80 

0.80 

0.82 

0.85 

0.84 

0 

2 

3.8 

0,74 

0.77 

0.78 

0,79 

0.80 

0.80 

0.78 

0.78 

xv 

Glucose -f 
galactose * 

1 ^ 

4.4 

0.84 

0.77 

0.81 

0.83 

0.83 

0.84 

0.83 

0.82 











W 

Glacose 4- 
fructose » 

3 

4.5 

0.80 

0.77 

0.81 

0.84 

0.86 

0.85 

0.88 

0.88 











A 

2 

3.3 

0.76 

0.82 

0.87 

0.90 

0.94 

0.93 

0.89 

0.84 


^thout food 16 to 24 hours at start of each experiment. 

8 first ^-hour period began about 20 mins, after the dose. 

‘5 tai. of water at 37*0. 

1^0 gm. of sugar in 50 ml. of water at 37” plus 25 ml. of water for rinse, 
of each sugar in the usual amount of water. 
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maximum values were 0.92 and 0.89 in the tenth period. At the end 
of fifteen l-hour periods the R Q. vdth A was 0.76 and with 0 was still 
0.84. With cats, therefore, the effect of glucose can last at least 71 
hours. 

The effect on the R. Q. of the ingestion of 10 gm. of fructose was 
noticeable by the second period and, in general, was at its peak 
(group average, 0.84) in the fifth period. Again the most marked ef-. 
fects were with A and G. In one experiment with 0 the measurements 
were continued for hours. At the end of that time the B. Q. was still 
0.79. Hence 10 gm. of fructose may produce a rise in the E. Q. of the cat 
lasting nearly 8 hours. The rises in value of the R. Q. of these cats after 
fructose were not so large as those after glucose and were not nearly 
so large as those noted with man after 50 and 100 gm. of fructose. 
Also the peak effect with man usually occurs by the end of the first 
hour. 

The rise in R. Q. after the ingestion of 10 gm. of galactose was 
noticeable in the second period and reached its peak, on the average, in 
the fifth, sixth, and seventh periods. Again A and G had the greatest 
rises, and with G the peak was 0.91, which is higher than the peak 
with this cat after fructose. One experiment with 0 of 1 \ hours’ du- 
ration gave an R. Q. of 0.80 in the last i hour. The rises in the B. Q. 
values of the cats were, on the whole, not so large nor so promjit as 
those with man after 50 gm. of galactose. 

The ingestion of 10 gm. of sucrose was followed by a rise in B. Q. 
to 0.97 in the fifth period in one experiment with G and to an average 
of 0.88 in the sixth and seventh periods in two experiments with A. 
On the whole, when the experiments are assessed individually, it is 
evident that the rise was not so large as with glucose wuth either 
animal. 

Maltose produced a greater rise in B. Q. in two experiments with A 
than did sucrose, although the rise was not so large as with glucose. 
In three experiments with M there was a rise in quotient with maltose 
but not so” large as that with glucose. 

The ingestion of 10 gm. of lactose was followed by a rise in B. Q. 
to an average maximum of 0.80 in the fifth and sixth periods in two 
experiments with 0, and to 0.84 in the sixth period in three experi- 
ments with W. In the individual experiments with W there were maxi- 
mum values of 0.88 and 0.87 in the sixth period. The general average 
for the three experiments Tvith W is lowered by one experiment in v iic i 
the average R. Q. for 4 hours was 0.78. 
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In throe esporimeiits ■R’ith W with 5 gm. of glucose plus 5 gm. of 
galactose {approximately 10 gm. of lactose), the rise was as large as 
with glucose alone and larger than with galactose alone. Therefore, 
as has been found by others (Folin and Berglund, ’22; Bodanshy, ’23; 
Harding and Grant, ’33), the addition of glucose to galactose improved 
the metabolism of galactose. 

The ingestion of an approximate equivalent to 10 gm. of sucrose 
(5 gm. each of glucose and fructose) in two experiments with A was 
followed by an average rise in B. Q. to 0.94 in the fifth period, which 
is even greater than the rise after ingestion of 10 gm. of glucose 
by the same animal. The effect of the combination of sugars was 
greater than that of 10 gm. of sucrose alone. 

Total metabolism and carbohydrate metabolised 

The average values for the total volumes of carbon dioxide elimi- 
nated and oxygen absorbed in the various gro\ips of experiments with 
each cat are given in table 2. In general, these average values were 
lower under basal conditions than under the other conditions. No at- 
tempt has been made to assess the effects of ingestion of the sugars 
on the metabolism of energy. In most of the experiments the cats 
were quiet for the greater part of the time, but occasionally there were 
periods of marked activity. Study of the original protocols shows that 
it would he difficult to assess the values in relation to relative activity. 
Bence it seems best to report the total measurements as made, rather 
than to select periods arbitrarily and empirically and try to interpolate 
for the periods rejected. The values are therefore given as measured 
®d can be used for purposes of calculation by other workers. 

The main purpose of this study was to determine the effects of in- 
gestion of various sugars upon the E. Q. and the metabolism of 
carbohydrates. Calculation of the amount of carbohydrate metabo- 
lized might he carried out simnlv bv anoortiouiug the metabolism be- 
fweeu that of carbohydrate and that of fat, according to the total 
respiratory exchange. This method of calculation, however, would give 
^0 high values, because the metabolism of protein was not considered. 
Usually it is estimated that from 10 to 15% of the total energy output 
rs aerived from the metabolism of protein. As the cat is a carnivorous 
anunal, it would under natural conditions have a predominantly pro- 
tein metabolism. These animals were fed on canned salmon, mackerel, 
liver, beef, and milk. Therefore the proportion of the total metabolism 
represented by the protein metabolism must have been higher than 



320 


THORNE M. CARPENTER 


TABLE 2 

Total metabolism, R. Q., and calculated carbohydrate metabolism of cats as affected by 

ingestion of 10 gm. of sugar. 

(Average values per 4 hours) 



TOTAD METABOLISM 

R. Q. 

AND 

CONDITION 

COj 

Oa 

ToUl 

Non* 

protein 

A 

Basal 

liters 

3.92 

liters 

5.20 

0.75 

0.71 

Water 

4.40 

5.81 

0.76 

0.71 

Glucose 

4.75 

5.49 

0.87 

0.92 

Fructose 

4.70 

5.72 

0.82 

0.84 

Galactose 

4.72 

5.72 

0.83 

0.84 

Sucrose 

4.14 

4.93 

0.84 

0.88 

Maltose 

4.38 

5.11 

0.86 

0.91 

Glucose + 





fructose ’ 

4.45- 

5.11 

0.87 

0.94 

G 





Basal 

4.95 

6.51 

0.76 

0.71 

Water 

5.44 

6.94 

0.78 

0.71 

Glucose 

7.02 

7.68 

0.91 

1.13 

Fructose 

6.49 

7.61 

0.85 

0.95 

Galactose 

6.62 

7.49 

0.88 

1.05 

Sucrose 

7.09 

7.60 

0.93 

1.20 

M 




0.71 

Basal 

5.84 

7.69 

0.76 

Water 

5.69 

7.46 

0.76 

0.71 

Glucose 

5.64 

6.79 

0.83 

0.86 

Fructose 

5.99 

7.39 

0.81 

0.81 

Galactose 

5.91 

7.45 

0.79 

0.78 

Maltose 

4.85 

6.07 

0.80 

0.78 

0 




0.71 

Basal 

5.39 

7.02 

0.77 

Water 

5.29 

7.05 

0.75 

0.71 

Glucose 

5.45 

6.65 

0.82 

0.83 

Fructose 

5.80 

7.31 

0.79 

0.78 

Galactose 

5.62 

7.03 

0.80 

0.79 

Lactose 

4.75 

6.09 

0.78 

0.75 

W 

Basal 

4.57 

6.00 

0.76 

0.71 

Water 

5.34 

6.85 

0.78 

0.71 

Glucose 

5.81 

6.96 

0.83 

0.89 

0,79 

0.80 

0.85 

Fructose 

6.10 

7.61 

0.80 

Galactose 

6.01 

7.47 

0.81 

Lactose 

5.59 

6.81 

0.82 

Glucose + 
ealactose ' 

5.51 

6.59 

0.84 

0.91 


CAKEO- 

IIYDE-WE 

JIDTABO- 

MZED 


» The average calculated protein 
spectively, was: A, 2.37 and 2.84 
0, 4.24 and 2.97 gm.; W, 3.27 and 4 
= 5 gm. of each sugar. 


combustion per 4 hours in o. 
gm.; G, 3.39 and 5.39 gm. 
.97 gm. 


4.05 


em. 

0.0 

0.0 

2.4 

1.5 
1.0 
1.5 
2.0 


0.0 

0.0 

4.9 

2.3 

3.7 

5.2 

0.0 

0.0 

1.8 

1.4 
0.9 
0.0 

0.0 

0.0 

1.8 

1.3 

1.4 

0.0 

0.0 

0.0 

1.0 

0.9 

1.0 

1.2 


erpts., re- 
4.11 pn.; 
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13^. For purposes of calculation of tie comparative amounts of car- 
bohydrate metabolized after ingestion of the different sugars, the 
following assumptions have been made. 

In the basal experiments and in the control experiments with water, 
ns the E. Q. values were below 0.81, it has been assumed that the 
energy was derived from the metabolism of fat and protein alone. 
The average values for tbe protein combustion per 4 hours in the basal 
and tbe water experiments, as calculated on tbe basis of this assump- 
tion, are given in footnote 1 in table 2. It is recognized that they are 
wholly hypothetical and may not correspond to the facts. However, in 
view of the lack of infomration regarding the urinary nitrogen, the 
average value for each cat for the protein metabolized in tbe water ex- 
periments with this cat has been used as the basis of calculating the 
values of the non-protein R. Q. in tlie other groups of experiments 
with the same cat. The amounts of carbohydrate metabolized (table 2) 
have been calculated in the usual empirical manner from the non-pro- 
tein gaseons exchange. In the three instances where the non-protein 
E. Q. values were greater than 1.00 (6 after ingestion of glucose, 
galactose, and sucrose), the carbohydrate converted into fat has also 
been included in the values given in table 2, the calculation being made 
according to the method proposed by Lusk (’28). 

Among the monosaccharides, glucose caused the greatest metabolism 
of carbohydrates in all five cats, galactose was next in order with four 
out of five eats, and fructose in general caused the least metabolism of 
carbohydrates. The disaccharides gave values that were sometimes 
higher and sometimes lower than the sum of the values for 5 gm. each 
of their constituent hexoses. The combination of glucose with one of 
the other hexoses to form a total amount of sugar equivalent to 10 
gra. of sucrose or lactose gave results that were higher than would 
be expected by calculation of the sums of the effects of the sugars 


separately. This latter phenomenon was also observed with man after 
hexoses ingested separately and together. 

In most of the experiments less than half of the 10 gm. of sugar 
was metabolized by any cat in the 4 hours of observation. Indeed, at 
the rate at which they were metabolized, many of the sugars would 
have supplied the metabolism of carbohydrates for over 24 hours. 
The serial order of the amounts of carbohydrate metabolized after the 
'ngestion of these different sugars would he the same, regardless of 
the level of the metabolism of protein. Therefore the values given in 
table 2 serve for comparative purposes. It is apparent that cats have 
the ability to metabolize the disaccharides nearly as well as the mono- 
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saccharides, although two of the disaecharides, sucrose and maltose, 
are not common articles in the cat’s diet in the natural state.' 


SUMMARY 

The respiratory exchange was measured in successive i-hour periods 
for 4 hours with five cats in the basal state, after ingestion of 75 ml. 
of water, after ingestion of 10 gm. of glucose, fructose, galactose, su- 
crose, maltose, or lactose, and after ingestion of a combination of 5 gm. 
each of glucose and fructose or of glucose and galactose. 

The values of the basal R. Q. were unifoi*m, for the most part, and 
did not show a marked tendency to change during the eight i-hour 
periods of measurement. The ingestion of water resulted in a rise in 
R. Q. with one cat for the entire 4 hours but with the other cats only in tbe 
first 1-hour period. Glucose caused the greatest rise in R. Q., and the 
peak occurred in the sixth and seventh l-hour periods. All the other 
sugars, disaccharides as well as monosaccharides, caused definite 
rises in the R. Q. 

On the assumption that in the control experiments with water only 
fat and protein were metabolized and that in the experiments with the 
sugars the protein metabolism of a given cat was the same as its 
average protein metabolism in the experiments with water, it was cal- 
culated that the metabolism of carbohydrates was highest after glu- 
cose and lower after galactose and fructose in the order named. The 
cats were able to metabolize the disaccharides nearly as well as would 
be expected, in view of their constituent monosaccharides formed by 
hydrolysis. When combinations of hexoses equivalent to 10 gm. of su- 
crose or lactose were ingested, the resultant metabolism of carbohy- 
drates was greater than would be expected from the sum of tbe amounts 
metabolized after ingestion of the respective hexoses given separately. 

Cats resemble men in the metabolism of the monosaccharides in that 
they show increases in R. Q. and in carbohydrate metabolism after in- 
gestion of these sugars, but they differ from men in that the peak of- • 
feet does not occur so promptly and, qualitatively, the order of magni- 
tude of the effect is not the same. 
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Previous studies of the amino acid requirements of the chick have been 
carried out by using diets containing ingredients which are poor sources 
of a certain amino acid, or by removing one or more of the amino acids 
after acid hydrolysis. By using these methods, it has been shown that 
the chick must have dietan- sources of arginine, glycine, histidine, tryp- 
tophane, lysine and methionine (sec review by Almquist, ’42, also Gran 
and Almquist, ’43) and isoloucinc (Gran and Almqnist, ’44). In a 
continuation of these studies, mixtures of pure amino acids have been 
used in complete replacement of all proteins in the diet. Some of the 
amino acids which have already been shown to be required by the chick 
(glycine, histidine and isoloucinc) have been reinvestigated with diets 
containing the amino acid mixtures ; the other recognized amino acids 
which have been studied include alanine, aspartic acid, glutamic acid, 
hydroxyproline, leucine, norleucinc, phenylalanine, proline, serine, 
threonine, tyrosine and valine. The tryptophane requirement will be dis- 
cussed elsewhere. 

EXPEMMBNTAl. 

iVhite Leghorn chicks, which had been reared on a commercial-type 
chick mash for 10-14 days, were maintained as reported previously 
(Grau and Almquist, ’43) . The basal ration was as follows : cellulose ' o, 
calcium gluconate 8, mineral mixture 3.24, crude soybean oil 5, sardine 
oil (400D-3000A per gram) to which 1 % of mixed tocopherols - had been 
added 0.25, choline chloride 0.2, inositol 0.1, cholic acid 0.1, 2-methyl-l, 
l-naphthohydroquinone diacetate 0.001, thiamine 0.001, riboflavin 0.001, 
Kridoxine 0.001, nicotinic acid 0.003, calcium pantothenate (dl) 0.003, 
hiotin (acid)” 0.00001 gm., with the amino acid mixture and glucose ■* 

* Cellu Rlour. 

^ ^atuial iiixcd Tocopherols, Type I (DistillattODi Products, Inc.)- 

The biotin was kindly prodded by Merck and Co., Inc. through the courtesy of Dr. J. C. 
h-crestesiy, 

‘ Ccrelose. 


325 



326 


H. J. AliMQXriST AND C. K. GRATJ 


to make 100 gm. Other members of the vitamin B-eomplex vere pro- 
vided by a concentrate prepared from solubilized liver which added only 
4 mg. nitrogen to each 100 gm. diet. The mineral mixture furnished the 
following: tricalcium phosphate 2000, dipotassium phosphate 500, po- 
tassium chloride 300, and manganese 10, silicon 46, magnesium 48, alum- 
inum 8, iron 14, copper 1, zinc 1, iodine 0.8 and cobalt 0.5 mg. per 100 
gm. diet. 

TABLE 1 


Mixture of amiiw acids used in the positive control diet. 


AMIXO ACtX> 

Fonif 
or AOID 

liEVEt, 
AS FED 

i/EVEti or 
KATtrUAIi 
ISOMF.R 

AillNO AOID 

roRif 

OP AOID 

ASPED 

r«i:vEt« or 

yJiTVTJih 

ISOMtB 



94 

94 





Alatvine 

dl 

1.0 

0.5 

Methionine 

dl 

1.0 

0.5 

Arginine 


1.4 

1.2 

Norleucine 

dl 

0.2 

0.1 

Aspartic acid 

1(+) 

2.0 

2.0 

Phenylalanine 

dl 

1.0 

0.5 

Cystine 

l(-) 

0.4 

0.4 

Proline 

l(-) 

2.0. 

2.0 

Glutamic acid 

1( + ) 

5.0 

5.0 

Serine 

dl 

, 0.4 

0.2 

Glycine 

.... 

1.8 

1.8 

Threonine 

dl 

3.0 

1.5 

Histidine 

l(-(-)-Ha-H,0 

0.8 

0.6 

Trj-ptophane 

l(-) 

0.4 

0.4 

Hydroxyproline 

1<~) 

0.2 

0.2 

Tyrosine 

l(-) 

2.0 

2.0 

Isoleuoine 

ai 

2.0 

1.0 

Valine 

dl 

2.0 , 

1.0 

Leucine 

Lysine 

i(-) 

I(-f)-HCl 

2.0 

1.4 

2.0 

1.1 


Total 

30.0 

24.0 






(Sodium bicarbonate) 

1.5 



The amino acids used in these studies were connnercial products. The 
levels used in the diets and the form in which they were added are sum- 
marized in table 1. Glucose replaced the omitted amino acids except for 
the glutamic acid studies, where aspartic acid was added. The sodium 
bicarbonate was added to neutralize the hydrochlorides of the basic 
amino acids and to provide sodium chloride, which was omitted from the 
mineral mixture generally used. 

RESULTS 

Alanine. Four chicks maintained for 10 days on a diet lacking alanine 
gained in weight just as well as a similar gi*oup which was fed alanine. 
Alanine is apparently completely dispensable for chick grovdh. 

Aspartic acid. In the first experiment dealing noth this amino acn , 
glutamic acid as well as aspartic acid was omitted, and no attempt was 
made to replace this loss of amino acid nitrogen. This group of our 
chicks lost weight for 2 days, then began to gain at an increasing ra e, 
so that from the time of minimum weight until 10 days later , the 
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per day ' was 2.4%'. Over a similar period, the positive control group 
gained at a rate of 4.0%. In a later experiment, where aspartic acid 
alone was omitted, the growth rate obtained with three chicks for 14 
days was the same as that of the positive control. These data indicate 
that aspartic acid is a dispensable component of the diet of the cliick. 

Glutamic acid. Besides the experiment mentioned above, in which both 
of the dicarboxylic acids were omitted, three chicks were kept for 14 
days on a diet containing extra aspartic acid, but no glutamic acid. 



to 00 

OArs 


1 Effect of omission of glycine from tlic amino acid mixture on tiie growth of chicks. 

The total I (+)- aspartic acid content of the diet was 4.0% instead 
of the usual 2.0%. These chicks reacted in the same way as those which 
received neither aspartic acid nor glutamic acid, showing an original 
Wight loss, and a slow gain thereafter. Because of the indecisive nature 
of these results, it can only he said that lack of glutamic acid causes 
slower gains than those obtained with control groups, and that if glu- 
tamic acid is required at all in tbe diet, it is needed only to promote 
most efficient growth. 

Glycine (fig. i). That tbe chick is able to carry on definite, but limited 
'Slycine synthesis was suggested when casein diets containing low levels 
glycine gave a moderate growth which was increased markedly by 

,* Averag 


ro per cent gain per day ~ 


ATeraso g&tn x 100 

No. d^ys on expt x avg -wt. during expi. 
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additions of glycine to tlie diet (Almqnist and Mewlii, ’42), Eesiilts 
with fonr chicks on a glycine-deficient amino acid mixture for 18 days 
showed poor growth and gain per gram of food eaten. Omission or in- 
clusion of serine had no effect on the glycine deficiency. These results 
with diets free from glycine confirm the previous conclusion that the 
chick can synthesize glycine, hut not at a rate high enough to allow best 
growth. 

Eistidine. Four chicks which received a histidine-deficient diet lost 
weight for the first 4 days of the experiment and remained at this low 
weight level for the remainder of the 10-day period. Other chicks which 
received 0.15% I (-f-)- histidine (fed as the monohydrochloride mono- 
hydrate) showed gains which indicated that most of the requirement 
for this amino acid had l3een met. Histidine is, therefore, an indispens- 
able amino acid. 

Isoleucine. A group of three chicks fed a diet deficient in isoleucine 
lost weight and died, confirming the previous investigations in which 
dried beef blood cell protein was used as the sole protein source (Gran 
and Almquist, ’44) , and in which the necessity of isoleucine in the diet 
was proved. 

Leucine. A preliminary experiment with three chicks indicated that 
chicks lost weight rapidly on leucine-deficient diets, and that while either 
4.0% of the dl form or 2.0% of the I (-• -) form was adequate, 1.0% of the 
I ( — ) form was inadequate for best groAVth. Another experiment with 
three chicks maintained for 16 days showed a rapid weight loss followed 
by a more gradual loss ; the curve was practically identical mtli that 
obtained with phenylalanine or threonine deficiencies (figs. 2 and 3). 
Leucine is an indispensable component of the diet. 

E orleudne. Omission of norleucine from the diet appeared to have 
no adverse effect on the rate of gain of three chicks which were main- 
tained for 16 days. This amino acid is apparently completely dispensable 
for the chick. 

Phenylalanine. Four chicks on a phenylalanine-deficient diet lost 
weight fapidly (fig. 2) when the diet contained 2.0% I (■ — )- tyrosine, 
hut gained at the normal rate when 1.0% dl-phenylalanine was present 
in addition. Indicated interrelationships hetwmen these two amino 
acids are discussed under tyrosine. ' _ ’ 

Proline and hydroxyproline. These amino acids were omitted from 
the diet of four chicks to determine if either one was necessary. Tlie 
chicks maintained their wmight for the first 4 days, but did not grov , 
after that time, they gvew at the normal rate. Tins apparent time aj, 
may have been required to allow esfahlisbmeut of adequate syntlie.sis o 



AMIKO ACID BEQUIEBMENTS OP THE CHICK 


329 


these amino acids from others famished in the diet. In any case, 
(lie omission of the prolines had no lasting effect on the growth rate ; 
hence, they may be classified as dispensalile amino acids. 

Serine. Unlike glycine, serine is a completely dispensable component 
of the diet of the chick, as was shown in the normal growth of four 
chicks maintained for S days on a serine-deficient ration. As men- 
tioned above, serine has no ability to replace glycine as an essential 
dietary component. 



Tigaro 2 Figaro 3 

2 Curves showing tJie effects of pitcnylalaainc and tyrosine deficiencies on the gro^^th 
of chicks. 

3 Effect of threonine deficiency on chick growth. 

Threonine. Some of the results with threonine are shown in figure 3, 
■'rhoro the recovery from an amino acid deficiency is shoivn to occur im- 
mediately after supplying the missing substance. The change from 
Weight loss to gain in 24-48 hours is often a clear indication of the fu- 
ture course of such an experiment. This early weight gain is pri- 
' marily a reflection of the increased appetite which is caused by the 
change in diet: fresh diet alone will not evince the effect. Feeding- the 
at form at 1.0% of the diet evidently is not enough for best growth, and, 
while 2 . 07 o appears adequate, 3.0% was fed for safety until the most 
satisfactory level could be determined. In another experiment with two 
chicks, a threonine-defieient diet was fed for 27 days, at which time 
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one of the chicks died, with no apparent symptoms other tlian those 
which would occur with malnutrition or starvation. 

Tyrosine. The absolute status of tyrosine cannot be determined from 
the data to be presented here, but must await further study. As sliowii 
in figmre 2, addition of tyrosine is required to allow best growth if only 
1.0% of the d^-phenylalanine is present in the diet, but 3.0% d/-phenyi- 
alanine alone appears to obviate the need for additional tj^rosine. Ten- 
tatively, then, it may be said that tyrosine is required to promote optimal 
growth if phenylalanine is present at only a moderate level in the 
diet. 

Valine. Of all the deficiencies studied, valine and isoleucine seem to 
exert the most profound effects on chicks; however*, none of the peculiar- 
ities of gait or sensitiveness to touch, such as were observed with rats 
(Bose, ’38), have been noted. The rapid and continuing decline in 
weight with valine deficiency was almost identical wdth that observed 
wdth phenylalanine deficiency (fig. 2). Three of the four chicks on one 
valine-deficient diet died on the twelfth day of the experiment, and all 
were extremely weak for a few days before this time. Addition of either 
2.0% isovaline (£??-a-ammo-a-methylbutyric acid) or 2.0% norvaline 
(di-a-amino-n-valeric acid) did not diminish the severity of the defi- 
ciency. After 6 days, d^-valine was added. Within 24 hours, all chicks 
had gained in weight, and they continued to do so until the experiment 
was terminated 8 days later. 


SUMMARY 

Mixtures of 20 amino acids have been used in complete replacement 
of protein in chick diets. Of these amino acids, alanine, aspartic acid, 
hydroxyproline, proline, norleucine and serine have been shovm to be 
dispensable. The essential nature of glycine in promoting best gi’owth 
has been confirmed ; glutamic acid appears similar to glycine in this re- 
gard. Tyrosine appears to be required if only moderate levels of 
phenylalanine are used, but seems to be dispensable when higher levels 
are used. Leucine, phenylalanine, threonine and valine have been shown 
to be necessary dietary components to prevent weight loss, while the 
similar status of histidine and isoleucine has been confirmed. 
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DENTAL CARIES IN THE COTTON RAT ^ 

I. METHODS OF STUDY AND PRELIMINARY NUTRITIONAL EXPERDVIENTS 

JAMES H. SHAW, B. S. SCmVEIGERT, J. M. McINTIEE, C. A. ELVEHJEM 
AND PAUL H. PHILLIPS 

Department of Biochemistry, College of Agriculture, Vnivcrsiiy of Wisconsin, Madison 
ONE FlQCttE 

(Received for publication June 9, 1944) 

The vitamin B complex requirements of the cotton rat (Sigmondon 
hispidus hispidus) have been described by Meintire, Schweigert and 
Blvebjem (’44). In the course of the experiments in which these re- 
quirements were evaluated, a preliminary survey was made to determine 
bow susceptible the teeth of the cotton rat were to decay. It was found 
that the molar teeth of the cotton rats which were raised from weaning 
on synthetic, high sucrose rations were highly susceptible to decay. On 
the contrary, the molar teeth of cotton rats which were on stock rations 
composed of crude materials wore highly resistant to decay. Therefore, 
the various experiments reported here were devised to study the fac- 
tors involved in the incidence and progress of the carious lesions in the 
molars of the cotton rat. 


EXPERIMENTAL 

The cotton rats used in these experiments were obtained from our 
stock colony which was maintained on the Steenbock stock ration no. 14 " 
supplemented with greens. These animals were weaned at the age of 3 
weeks and at a weight of 20 to 25 gm. 

The basal ration (801) consisted of : Labco casein 18 fc, sucrose 73%, 
salts rv 4% (Phillips and Hart, ’35) and corn oil 5%. To each 100 gm. 
of ration was added : thiamine 250 pg., riboflavin 300 pg., nicotinic acid 

‘Putlishea with the approval of the Director of the Wisconsin Agricultural Experiment 
Station, This work was’ supported in part by a grant from the Nutrition Foundation, Inc., New 
York. 

are indebted to Merck and Co., Rahway, New Jersey for the synthetic vitamins; to 
J^hott Laboratories, North Chicago, Illinois for halibut liver oil ; and to Wilson and Company, 

*^go, Illinois, for the liver preparations. 

Groond corn 71.5%, linseed oil meal 15.0%, alfalfa leaf meal 2.0%, CaHPO* 1.0%, NaCl 

•5%, crude casein 5.0% and butter fat 5.0%. 
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2.5 mg., pyridoxine 250 pg., pantothenic acid 2 mg., choline 100 nig, 
inositol 100 mg., and p-aminobenzoic acid 30 mg.; 1 drop of haliver oil 
was fed weekly. Later a modification (802) of the basal ration was 
found to give move uniform growth. It consisted of an increase in the 
casein to 24% at the expense of the sucrose. , 

In early experiments the cotton rats were left on experiment for 
periods ranging from 10 to 14 weeks to determine the optimum experi- 
mental period. For accurate results it was found necessary to sacrifice 
the animals at a time when the carious lesions were large enough to he 
readily detected and yet not so large that any extensive amount of 
fracturing of the cusps had occurred. It is especially necessary to have 
a minimum amount of fracturing. Old widespread fractured areas may 
overlie and involve several of the original carious lesions. Thus any 
accurate evaluation of the numbers of lesions and the extent of each 
' lesion would be impossible. In preliminary studies it was found that 
the most suitable experimental period lay between 10 to 14 weeks after 
weaning. lITien 14 weeks was established as the optimum period, all 
animals were sacrificed at that age. 

Various liver preparations (1:20 liver extract, alcohol ether extract 
of 1 : 20 liver extract, solubilized liver, and whole liver substance) were 
added to the basal ration to determine whether the more rapid rate of 
growth thus obtained would have any effect upon the incidence and 
progress of carious lesions. 

In order to determine whether or not additional fat-soluble vitamins 
would have any effect on the development of the carious lesions, these 
vitamins were fed to one group at the following levels per 100 gm. of 
ration : 500 Mg. of 3-carotene, 12.5 ng- of calciferol, 2 mg. of a-tocopherol, 
and 187.5 pg- of 2 methyl, 1, 4 naphthoquinone. These vitamins wore 
kept in chloroform in the refrigerator. When the ration was to he 
mixed, the necessary amount of the chloroform solution was evaporated 
to dryness and the vitamins taken up in corn oil so that 5 gm. of corn 
oil contained the amount of these vitamins to be added to 100 gm. of 
ration. This corn oil was then incorporated into the ration in the cus- 
tomary fashion. 

In order to compare the effect of particle size of the diet upon the 
incidence of carious lesions two procedures were followed. The first 
comparison was made with Steenbock stock ration no. 14 in which the 
particles of corn used in its composition would pass through a 20 mes i, 
hut not through a 40 mesh sieve. A portion of this ration was then 
ground in a ball mill until all would pass through a 60 mesh sieve, w 
coarse ration was fed to one group, -while the fine was fed to a sccon 
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groap. The second comparison ivas made by the substitution of dextrin 
for sucrose in ration 801. The particle size of dextrin used in the coarse 
ration was such that it -would pass tbrongb a 20, but not through a 40 
mesh sieve; and that in the fine ration -would all pass through a 60 mesh 
sieve. 

At the end of the experimental period, the animals were sacrificed. 
The heads -were fixed in 95% ethanol for 24 to 48 hours. They were 
then skinned and the flesh removed. The jaws were placed in fresh 
95% ethanol and stored until observations could be made. The observa- 
tions on the molar teeth reported here were made upon successive 
planes ground parallel to the occlusal surface by means of a vertically 
rotating carborundum wheel. After each grinding, the newly exposed 
plane -was observed at a magnification of 30 diameters with a binocular 
dissecting microscope. Bach lesion observed was carefully explored 
with a no. 42 fine, smooth dental broach to determine the depth of soft- 
ening, as a supplement to the -visual changes in color and opalescence. 

EESUETS 

Description of ike dentition of the cotton rat 

The dentition of the cotton rat is similar to that of the white rat : 
nionophyodont, one incisor and three molars in each quadrant of the 
jaws, continuously erupting incisors, and molars which are more highly 
developed than the incisors and which are limited in development to 
the early period of life. The molars are similar to those of the white 
rat in most respects, hut have a few notable differences. When the 
molars of the cotton rat are erupted, there are definite cusps as in the 
rrhite rat. But in the cotton rat the completely transverse occlusal fis- 
sures between the cusps are very shallow. Attrition of the cusps ex- 
poses small circular areas of dentin which become larger as the cusp is 
more deeply abraded. Since enamel is more resistant to attrition, the 
enamel vim is perceptibly higher than the exposed dentin. 

-^ter a period of 3 or 4 weeks of occlusal contact, sufficient attrition 
Ims occurred that the cusps have been abraded to a level below the hot- 
lom of the shallow transverse occlusal fissures. Then all the cusps of 
any molar become connected at the occlusal surface. The exposed dentin 
area of a cusp is connected to the similar area in the next anterior or 
posterior cusp by a narrow strip of exposed dentin, flanked on each side 
by enamel. Thus in the cotton rat, a few weeks after the eruption of any 
molar, its occlusal surface has a continuous region of exposed dentin 
^ extending from the anterior cusp to the posterior cusp. This can be 
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seen in figure 1 (except in tlie third molars of the upper iaw which arc 
not fully erupted) . 

The occlusal fissures which are, present in the fully erupted molar ex- 
tend from i to § across the tooth from either the labial or lingual sur- 
face. These fissures are exceedingly narrow and extend from the oc- 
clusal surface of the molar almost to the cemento-enamel junction. 

Regions of tooth decay 

In the cotton rat it was found that tooth decay occurred almost ex- 
clusively in the occlusal fissures and at such a depth that early decay 
could not be observed in the intact tooth because of the depth and nar- 
rowness of these fissures. Ti^ien decay had progressed sufficiently, re- 
gions of the cusps were broken away due to the undermining effect of 
these deeply set carious regions. Only then, was it possible to determine 
from the occlusal surface that decay had been occurring in the occlusal 
fissures. Hence, in order to study and evaluate decay in the teeth of 
the cotton rat, it was necessary to use an alternate grinding and obser- 
vation procedure similar to that suggested by Cox and Dixon (’39). 

A very low incidence of decay was found on the proximal surfaces of 
the molars or on the exposed occlusal surfaces. The rarest location 
where decay was found was along the gingival margin. However, where 
decay was found in these regions the development and the progress of 
the lesions was entirety comparable to the lesions found in the narrow 
occlusal fissures. 

The first indication of decay was a slight darkening of the enamel, 
and a decrease in its opalescence. This was accompanied by a softening 
of the affected area. This early lesion became quite evident when it 
was still less than 0.1 mm. in diameter. At that time the enamel was 
softened sufficiently that a no. 42 fine, smooth dental broach would 
readily penetrate a short distance into the lesion. The destruction of 
the enamel apparently was quite rapid once the lesion had been inili- 
ated. Frequently an area 0.2 to 0.3 mm. in diameter would have be- 
come decayed before any appreciable amount of penetration into the 
dentin had occurred. Once the dentin had become affected the lesion 
spread more rapidly until large areas of the cusp were involved. Abou 
this time fracture of the xmdermined crown of the cusp began. Frac ure 
of large portions of the cusp did not usually occur immediately but in 
stead small portions broke off as they wmre midermined. Theie is amp e 
evidence for this statement since many lesions occurred vhwc lere 
was a loss of only small portions of a cusp due to fracture. ^ i ac ure 
continued progressively as decay progressed until finally le en i 
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portion of the cusp affected was undermined and broken off ; after frac- 
ture occurred, decay continued in the original lesion at about the same 
rate. The surface exposed by the fracture did not appear to bo attacked 
by the process of decay at any greater rate than if fracture had not oc- 
curred. Instead decay progressed into this exposed face from the orig- 
inal lesion as if no fracture had occurred. 

The method of recording position and evaluating the extent of 
the carious lesions 

In order to record the number of decayed areas in such a way as to 
be able to study the frequency in any given area, the variou.s occlusal 
fissures wore numbered in a manner similar to that developed by Cox, 
Dodds, Dixon and hlatuschak ( ’39) for use in the evaluation of corn 
meal caries in the white rat. It was not possible to use the identical 
numbering system of Cox et al. since the cotton rat differ.s from the 
white rat in too many anatomical details. Figure 1 .shows the number- 
ing system used for the cotton rat. 

An arbitrary system for the evaluation of the extent to which the de- 
cay had progressed in any lesion was devised. The .sy.stem employed 
symbols 1 -h to 5 -f- to represent the increasing extent of the lesions, as 
follows: 1 -| a lesion where there was a small, dark, definitely soft- 

ened decayed region in the enamel rvithout any penetration of the 

dentin; 2 -| a lesion with a more widespread softening of the enamel 

and a slight penetration into the dentin; 3-1 -a lesion with ividespread 

decay of the enamel and deep penetration of the dentin but without 

fracture ; 4 -j a lesion with widespread decay in both the enamel and 

the dentin and a small amount of fracture of the undermined cusp; 

^ d a lesion which has progressed so far that a large amount, or all, 

of the undermined portion was broken off. 

For each cotton rat studied the evaluations assigned for the indi- 
vidual carious lesions were totaled. This sum was used as an index of 
the extent to which decay had progressed in each animal. The average 
amount of decay for each carious lesion was obtained by dividing this 
sum by the number of lesions observed. 

This type of evaluation of the extent of the lesions was at best an 
arbitrary one, but a very essential one. There could be no absolute unit 
of measurement for the progress of decay. Any evaluation assigned by 
the observer ivas, of necessity, a measurement of degree which took 
into account the numerous changes observed in color, texture, and size 
of the lesions. Therefore, by the system outlined, ive have a satisfac- 



UPPER 



LOVER 



II 



III 


Fig. 1 Occlusal surfaces of the molars of a cotton rat .stool: 

sures in ^vtnch the carious lesions occur. This rat was one winch had been 
ration and was entirely free of tooth dec.ay. X 16. 
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lory ami consistent method of evaluating the degree of the carious 
processes in any animal or group of animals. 

The effect oj the length of experimental period upon the 
development of the carious lesions 
The observations from the cotton rats which were sacrificed at- 10, 
12, and 14 weeks to determine the most snitahle length of experimental 
period are presented in table 1. As the duration of the experimental 
period was increased, there was obsei-ved in the cotton rats on each ra- 
tion, a definite increase in the number of carious lesions per animal, a 
definite increase in the total extent of the carious lesions and a definite 


TABLE I 

The effect of the length of experimental period upon the development of catinvg m the 

' cotton rat. 


E.1TMX 

NO. 

or 

WMKS 

NO. 

Avnunr 

NVitBre 

A^'ERAOi: 

EXTENT 

4\EnAOE NUMBER Or 
CARIOUS LESIONS 

AVnUAUE EXTE.VT or 
CiRIOU« lERION'S 

AKIU4L8 

CASIOfS 

LESIONS 

C.UlXOPg 

LESION'S 

Upoer 

!»»»• 

Lo« er 
jaw 

Vyper 

JftW 

Low i»r 
jatv 

601 

■ 10 

3 

11.8 

25.8 + 

2.8 

9.0 

5.8 + 

20.0 + 


12 

3 

21,3 ' 

53.0 + 

8.6 

12.7 

16.7 + 

36.3 + 


14 

2 

Cl 

78.0 + 

10.0 

14.5 

27.5 + 

50.5 + 

801 ■(• 10 
I%1:S0 

4 

12.0 

2,1.3 + 

3.0 

9.0 

5.5 + 

19,8 + 

UE. 

14 

7 

26.0 

74.3 + 

12.1 

13,9 

32.0 + 

42.3 + 

802 

12 

5 

22.8 

•(2.2 -t- 

0.8 

13.0 

19.0 + 

23.2 + 


14 

4 

27.3 

63.5 + 

12.5 

16.0 

22.5 + 

41.0 + 

Coarse 

stock 

12 

3 

6.0 

32.0 + 

0.7 

5.3 

0.7 + 

11.3 + 


14 

4 

6.8 

15.5 + 

2.0 

4.8 

2.0 + 

13.8 + 


increase in the average extent of decay in each carious lesion. It ap- 
peared tlint under our present experimental regime the optimum e.x- 
Perimonfal period was 14 weeks. At that age the carious lesions in tlie 
molars had progressed to the point where they were readily visible 
"■lien exposed by grinding. Yet only a small amount of fracture had 
occurred. If the e.xperimental period were longer the fracturing would 
liave become so e.xtensive that manj' intlivklual lesions would have been 
obscured. 


The distrihuiion of the cariotis lesions in the various molars 
In tliose early experiments there was noted a veiy conspicuous dif- 
lerence between the incidence of carious lesions in the upper and loiver 
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jaws. In figure 1 it is seen that in both the upper aud loirer jaws Oiere 
are 10 occlusal fissures in the three molars of each Quadrant! Since, as 
we have reported above, it was in the occlusal fissures that almost’ ali 
decay was initiated in the cotton rat molars, each quadrant had an 
equal number of susceptible regions. However, it was found throughont 
all the groups of animals studied that there was a mucli lower incidence 
of carious lesions and a smaller amount of decay in each lesion in the 
molars of the upper jaw than in those of the lower jaw (table 1). Once 
initiated the rate of development of the carious lesions in the molar.^i 
of the upper jaw appeared to be comparable to that in the lower jaw. 


TABUE 2 

a Summary of the relative incidence and extent of carious lesions in the inotars of Cd cnilnn rats 


mhich had been maintained on sucrose rations for 14 meehs. 

3WY 


TOTAt* 

NtniBF.B 

OF OAnrous 
LEStOyS (A) 

TOTAr* 

KXTEKT 

OF OABtOUS 
LFSrOKS (B) 

AVERAC/F. 

EXTEKT 

OF EACH 
CABJOVS 
IaESION 

(f) 

NUMBER 

or 

CARIOUS 

LESIONS 

RF.R 

MOLAR 

( A. \ 

NtrjnjER 

OP 

SUS' 

CEPTinf.F 

regions 

FKU 

MOLAR 

(c) 1 

rrn cent 
or 

susenmiTLE 

REOIONS 

TlfAT 

OESTAjOPRO 

CARtOrS 

LESIONS 

' 2 X 65 C 

\ 2X65 / 


First 

122 

-194 + 

1.6 + 

.9 

4 

23 

upper 

Second 

299 

797 -f- 

2.7 + 

2.3 

3 

Ti 


Third 

200 

436 -f 

2.2 + 

1,5 

3 

51 


First 

305 

632 -f 

2.1 + 

2.3 

5 

47 

Lower 

Second 

326 

952 + 

2.9 + 

2.5 

.3 

84 


Third 

239 

7.37 -f 

3.1 + 

1.8 


92 


Since the lesions in the upper jaw were initiated slightly later than 
those in the lower jaw, the extent of decay in each of these lesions was 
always slightly less than in those in the lower jaw at any given time of 
observation. 

Very definite differences were seen in the rate of incidence of carious 
lesions in the three molars of both the upper and lower quadrants. A 
summary was made of the number of carious lesions observed in each 
molar of 65 cotton rats which had been maiTitaijied on synthetic I'ations 
for 14 weeks. The I’esults of this summary are presented in table 2. It 
was found that there %vas an increasing rate of incidence and also an 
increasing extent of decay in each lesioir of the molai’s in the follovang 
order; upper first, lower first, upper third, upper second, lower seconc, 
and lower third. The upper molar in each case had a lower rate of inci- 
dence of carious lesions and each lesion had a lesser extent of dccaj 
than the respective lower rilolar. 
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Since the first molars Avere fully erupted and the second molars al- 
most fully erupted at tlio beginning of tbe experiment, they Avere sub- 
jected to tbe conditions of the oral cavity for about tbe same length of 
time. Therefore, if all the factors influencing deca}' Avere the same, the 
first and second molars of all four quadrants would be equally affected. 
However, from the summary it can easily be seen that there Avas a vevy 
much higher rate of incidence of carion-s lesions in the second molars 
than in the first molars of the upper and loAver jaws. This different rate 
of incidence may be affected by one or more of seA’eral factors : the 
structure and topogi’aphy of the molars themselves and the position 
of the molars in the mouth. 

The loAver third molar Avas erupted after the animals had been on ex- 
periment for about 7 wcehs. The upper third molar Avas erupted after 
about 10 weeks of the experimental period bad elapsed. The time of 
eruption of the upper and lower third molars varied Anth the rate of 
growth. The more nearly complete tbe ration Avas nutritionally, the 
more rapidly the animals groAV and tbe sooner tbe upper and lower 
third molars Avere erupted. HoAvever, the loAvcr third molars Avere only 
exposed to tbe environment of the oral cavity for about one-half and 
the upper third molars for only about onc-tbird of tbe experimental 
period. Tbe very high incidence of carious lesions in tbe loAver third 
molars had added significance Avben this short period of exposure AA’as 
considered. Although the rate of incidence of carious lesions in the 
upper third molars Aims loAvor than in the lower third molar.s, the very 
short period of exposure indicated a high susceptibility to decay. It 
appeared that tbe third molars aa'ci'c much more susceptible to decay 
in the cotton rat than either tbe first or tbe second molars. This .may 
he due to the relative position in the month, or the structure of the 
third molars may haAm been unfavorably affected during tbe develop- 
ment by some deficiency ov deficiencies in the experimental rations. 

The, effect nf diet upon the rate of incidence and the extent 
of the eariovs lesions 

There Avas a high rate of incidence of carious lesions in the molars of 
fiw cotton rats fed the tAvo basal synthetic imtions 801 and 802 (table 3). 
he additional 6% casein contained in tbe latter ration did not decrease 
rate of incidence nor tbe extent of the carious lesions in any Avay. 
nr groups of animals Avere small in all cases reported since only a 
iniited number of animals Aims aA’ailable because of our small stock 
colony, HoAvever, in every case tbe caries iucidence and extent did not 
^niy to any appreciable extent Avithin any one group or betAveen groups 
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wliea an expeiimeutal series was repeated. Therefore, the dilYeroiiees 
reported here were of importance. 

The effect upon the incidence and extent of .the carious lesions of 
various supplements to the synthetic rations is presented in table 3, It 
was observed that the addition of 4% 1 : 20 liver extract, alcohol etlicr 
extract equivalent to 6 or 9% of 1: 20 liver extract, 4% solubilized liver 
or 4% whole liver substance to synthetic ration 801 did not alter the ‘ 
rate of incidence or the extent of cai'ions lesions. Wlien additional 

T.4BI.K 3 


The effect of various supplements to synthetic rations upon the incidence of carious lesions im 

the cotton rat. 


RATrOK 

NtrSlBER 

or 
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AKlSTAIiS 
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(r>) 
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(e) 
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or 
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LESION 

(-y) 

801 

14 

2 

26.0 

70.0 -P 

2,7 + 

801 -f 4% 1:20 L.E. 

14 

7 

26.0 

74.3 + 

2.9 + 

SOI -P alcohol ether extract 

eqniv, to 6% 1:20 L.E. 

14 

2 

25.5 

64.5 + 

2.6 + 

801 + alcohol ether extract 

equiv. to 9% 1:20 L.E. 

14 

4 

23.S 

72.3 + 

.7.0 + 

801 + i% solubilized liver 

14 

2 

29.5 

73.5 + 

2.5 + 

SOI 4- additional vitamins 

A, D, E, and K 

14 

4 

20.3 

36.5 + 

1.3 + 

801 -1- 4% whole liver 

substance 

12 

2 

24.5 

63.0 + 

2.0 + 

802 

14 

4 

27.3 

63.5 + 

2.3 + 

802 -1-4% 1:20 L.E. 

14 

3 

27.7 

62.0 + 

2.2 + 

802 -f- alcohol extract 

equiv. to 6% 1:20 L.E. 

14 

if 

27.0 

03.3 + 

2.3 + 


amounts of the fat-soluble vitamins, A, D, E, and K were fed as supple- 
ments to ration 801, there ivas a slight reduction in tbe rate of incidence 
and a very substantial decrease in the rate of progress of decay 
lesions. Studies are now in progress to determine which of the a - 
soluble vitamins was responsible for this decrease in rate and • 
This result mav be similar to the effect attributed to vitamin ly 
Fosdick, Fancher and Calandra (’42). However, Armstrong, and Knut- 
son (’43) and Armstrong, Spink and Kahnke (’43) explained the c ec 
reported by Fosdick et al. as an effect due to qninones in general rainer 
than any specific inhibiting action of vitamin K. 
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A supplement of 4% 1:20 liver extract or of an alcohol extract 
equivalent to 6% of 1 : 20 liver extract to ration 802 did not have any 
effect upon the rate of incidence or the extent of the carious lesions. 

Both the Steenhook stock ration no. 14 and the ration in which dex- 
trin was substituted for sucrose produced an almost complete preven- 
tion of carious lesions in the cotton rat molars (table 4). This was in 
conirnst to the high incidence of carious lesions observed on the sucrose 
rations. 


TABLE 4 


The effect of coarse and fine rationn iij>on the incidence of carious lesions t’a Ihc cotton rat. 


JIMJO.V 

jrtnmER 

or 

M'EEKS 

Kl’MBER 

or 

AKJMALS 

AVERAOE 

KOMItElt 

or 

C^RJOl'S 

DBfltOKS 

(l>> 
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EXTEXT 

or 
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(t\ 

AVERAGE 

EXTENT 

or EAca 
CABrOU.** 
LESION 

(t) 

Coarse stock 

12 

2 

0 

12.0 + 

2.0 + 

Fine stock 

12 

3 

6 

8.0 4* 

1.3 -t- 

Coarse dextriQ 

12 

3 

o 

2.0 + 

1,0 + 

Fine destria 

12 

1 

1 

1.0 -f 

1.0 -f 

Coarse stock 

50 

23 

3 

7.0 + 

3.5 + 


The effect of particle size of the diet upon the incidence 
of carious lesions 

The results obtained as a compaxdson of the effect of particle size on 
the incidence of carious lesions is presented in table 4. Difficulties were 
immediately encountered in the groups of animals fed either of the 
iiuely ground rations. The cotton rats almost completely refused to eat 
either of the fine I'ations. Instead they scattered if out of the food cup 
immediately after the daily feeding. Therefore, few of these animals 
survived the 14-week experimental period. In an effort to obtain as 
mneh data as possible, the surviving members were sacrificed at 12 
weeks. It was found after that experimental period that no differences 
resulted in the rate of incidence of carious lesions when the particle 
size was varied. There was equal protection from decay in the molars 
on either the coarse or fine stock and dextrin rations. 

DISCUSSION 

The cotton rat is unquestionably more susceptible to tooth decay than 
«ny other experimental animal yet reported. The very high incidence 
of earious lesions in the molar teeth of the cotton rat raised on a high 
sucrose ration was in great contrast to the extremely low incidence 
ooseived when the sucrose of the ration was replaced hy-eoarse or fine 
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dextrin. A similarlj^ low incidence was observed in those animals fed 
either a coarse or fine stock ration. Since particle size did not appear 
to play any role in the development of the carious lesions in the molars 
of the cotton rat, this uncontrollable variable in the study of dental 
caries in the white rat was not encountered. Since tlie cotton rat is very 
susceptible to dental caries when fed certain rations, but extremely im- 
mune when on others, it can be used for many types of dental carie.s 
research. ■\’^Tien such a mde difference in caries incidence is possible, 
the positive or negative value of the treatment given during the experi- 
mental period can he readily and accurately evaluated. 

As yet only the supplement of additional vitamins A, D, E, and K, 
was found to have any preventative effect when a high level of sucrose 
was fed in the ration. However, this protective effect was much less 
than that observed when sucrose was replaced by dextrin or when n 
stock ration of common foodstuffs was fed. Studies are being con- 
ducted to determine which of these vitamins was responsible and if the 
effect was due to that particular vitamin or to the class of compounds 
to which it belongs. 

There was an almost complete bilaterally equal distribution of the 
carious lesions in both the upper and lower Jaws. This has been shown 
to exist in man by Bertram and Brown ( ’43). 

The up 23 er Jaw has a very much lower incidence of carious lesions 
than the lower Jaw. This has been reported by Klein and Palmer (’41) 
for the first and second permanent molars of the human. 

SUMMABT 

1. The cotton rat is highly susceptible to tooth decay when fed a 
synthetic ration high in sucrose. 

2. Almost no tooth decay occurred in those cotton rats which were fed 
a stock ration composed of natural foodstuffs or a synthetic ration in 
which the sucrose had been replaced bj^ dexti'in. 

3. An experimental period of 14 weeks was found to be optimal foi 
the observation and evaluation of the carious lesions. 

4. No differences in the rate of incidence or the extent of the carious 
lesions could be produced by altering the particle size of the stock or 
dextrin rations. 

5. The various liver supplements wdiicli were added to the sucrose- 
rations to produce optimal growth had no effect on the developmen o 
the carious lesions. 
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6. Increased amounts of the fat-solublo vitamins, A, D, E, and K, 
produced a decrease in the number and the extent of the carious lesions 
in the molars of cotton rats on the sucrose ration 801. 

7. There was a definite bilateral distribution of the caidons lesions. 
There was a mueli lower rate of incidence of cai’ious lesions in the 
molars of the upper jaw than in those of the loiver jaw. The ascending- 
order of caries incidence in the molars was as follows : upper first, 
lower first, upper third, upper second, lower .second and lower third. 

8. In view of these observations the authors believe that the cotton 
rat is the best experimental animal j’et known for the production and 
study of tooth decay. The ease of production and the high, consistent 
incidence of carious lesions make possible many phases of experimental 
approach to the study of tooth decay, its causes and its control. 
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THE EELATION OF THE BLOOD LEVEL OF ASCORBIC 
ACID TO THE TISSUE CONCENTRATIONS OF THIS 
VITAMIN- AND TO THE HISTOLOGV OF THE 
INCISOR TEETH IN THE GUINEA PIG' 
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Pfportmenfs 0/ Kiodiemiatri; ond Anntotiitf, School of Sfcdictnc, George Waeliinnton Vnh'ersitg, 
TVashinffioUf If. C. 


rivt riODRES 


(Bcc^ivcd for puhUcftUon Juue 30, 1044) 

Information concerning the r'clation of the blood level of vitamin C 
to the well-being of the individual is of considerable interest. Such in- 
formation should involve the relation of the blood level to the concen- 
tration of the r'itamin in the other tissues of the body and to the pres- 
cnoo or absence of any pathological changes. With such knowledge one 
could make an appraisal of the nutritional status, with respect to vita- 
min C, of an animal or of a human subject, by determining the vitamin 
C content of the blood. In this paper, we arc reporting the results of a 
study of these relationships in guinea pigs upon different levels of in- 
take of vitamin 0. 

EXPERIMENTAL PROCEDURE 

Sixty-six guinea pigs, thirty-three males and thirty-three females, of 
market stock inth initial weights ranging from 188 to 517 gm. 
maintained for 10 days on rabbit chow ' plus cabbage ad libitum. This 
was to bring their body stores of vitamin C to approximately the same 
level. At this time they were transferred to a iiasal diet composed o . 

Groand rolled oots (OualtCT) ports 

T , , 40 parts 

Lactogen * ... 

v:x 

Dried irradiated brewer 'a yeait * ^ 

Sodhim chloride —-w 

100 parts 


’Some of the data repotted in this paper are taken from a 
A. Kaethcr to tlie Gtadu.itc Coimcil, George Washington L'nirersity, April 10 , p. 
fillmeat of the requirements for the degree of Doctor of Philosophy. Ohio 

;Pre»ent address: Department of Biochemistry. Western Beserre nmvers.ty, Clercl.rnd, Ohro, 

■Spray“LT,rtate milh modified by the addition of milk fat and milk sugar. We wish to 
lJ>nn1t-Ne8«c’B Milk Products, luCe, for a teenefous supply of Lactogen. 

‘ Pleisclimann, Std. 360. 
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Supplemented vidtli ascorbic acid, this diet produced good growth and 
prevented any obvious signs of deficiency in the guinea pig (Roe, Hall 
and Dyer, '41). Anaij’-sis showed this diet to contain 28 mg. of ascorbic 
acid per kilogram. The animals were fed this diet ad libitum after the 
following amounts of crystalline ascorbic acid " had been added per kib. 
of diet : 0, 50, 100, 150, 200, 300, 400, and 600 mg. A group of animals 
was placed on each level of ascorbic acid and one group was fed ap- 
proximately 50 gm. of cabbage daily in addition to the basal diet. The 
animals were kept individually in cages with j-aised wre screen bottoms. 
Food consumption and weights were recorded daily. Ascorbic acid in- 
takes were calculated from the food intakes. 

Careful consideration was given to the problem of placing the ani- 
mals on the test diets for a period that rvould produce a fairly constant 
level of aseorhic acid in the tissues for a significant time. Preliminary 
experiments showed that the tissue ascorbic acid content remained 
practically constant after the animals had been on a diet of Ibe same 
ascorbic acid concentration for a period of 3 weeks. For example, the 
vitamin G concentration in the livers of .guinea pigs taken off the pro- 
paratoi'y diet and maintained at a constant low intake of vitamin C 
were 5.48, 4.24, 4.18 and 4.21 mgi per 100 gm. at 2, 3, 6, and 7 weeks, 
respectively, and the corresponding concentrations in the spleen \s'cro 
17.7, 10.7, 11.5 and 10.4 mg. per 100 gm. It was decided to follow the 
more normal feeding procedui’o of incorporatiiig the vitamin in the 
diet, so the animal would receive the supplement no faster than food is 
taken, rather than to give it in peak loads as Avben administered in solu- 
tion by pipette or stomach tube. 

After the animals had been on the diet for appropriate periods tlicy 
were anaesthetized by an intraperitoneal injection of approximately 
30 mg. of Nembutal per kilogi'am of body weight. A blood sample aa^s 
collected by heart puncture and the tissues AA'ere rapidly removed for 
analysis. The tissues analyzed AA-ere: whole blood, liver, spleen, kidney, 
adrenal glands, skeletal muscle (gastrocnemius), cardiac muscle and 
hraiu. No animal Acas sacidficed until after having been on the test diet 
for at least 21 days. The aAmi’age time for the groups of animals npoAi 
each of the test diets ranged from 26 to 38 days except one group, no.^8 
of table 1, which wms kept on the same Ica'cI of vitamin intake for 73 
days. The concentrations of ascorbic acid in the tissues of the lattci 
group fall quite consistently in line with the levels in the tissues of the 
animals in the 26- to 38-day test periods. This similarity of results ot 
analyses in the very long test period is further evidence that the 26- to 

«We vnsh to Uuonli Alcrok .nut Co. for sujjplving aworbi.- ncid. 
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38-dny periods were long enough to produce characteristic physiological 
or pathological findings in the animals. 

Whole blood analyses were made by the method of Koe and Kuether 
(’43). Tissue analyses were made on a filtrate prepared by grinding 
the tissue to a uniform suspension with sand and 4% trichloroacetic 
acid. This was treated with Norit and filtered through a dry filter. The 
filtrate was analyzed as described bj’ Roe and Kuether for blood filtrates. 

The carcasses were examined grossly for the presence of hemorrhage, 
particularly around the knee joints and in the stomach, enlargement of 
the joints and beading of the costochondral junctions. The jawbones 
were removed and preserved in 10% neutral formalin for sectioning 
and microscopic examination of the incisor teeth. 

PESULTS 

Chemical findings 

The re.sults of the tissue analyses are summarized in table 1. Ascorbic 
acid intakes were calculated from the mean daily food consumption 
and body weight for the 14 days immediately preceding analysis. In- 
creasing the level of ascorbic acid intake increased the ascorbic acid 
concentration in the blood and all the tissues analyzed, although not to 
the same extent. In going from the lowest to the highest intake the 
concentration of ascorbic acid in the whole blood increased about G 
times, the corresponding increases for the other tissues w'ere : brain C, 
muscle 11, kidney 14, spleen 15, heart and liver 19 and the adrenals 24 
times. Thus there is considerable variation in the abilitj’ of the tissues 
studied to store vitamin C. Prom the values for the heart and skeletal 
muscle it is apparent that the concentration in cardiac muscle averages 
approximately 24 times the concentration in skeletal muscle. Histologi- 
cally and functionally cardiac muscle differs from skeletal muscle and 
It is not surprising to find this difference in ascorbic acid content. 

It is questionable whether the tissue concentrations reported here 
lepreseut the maximum concentrations attainable since higher values 
than these have been reported. Roe, Hall and Dyer (’41) published 
tigure.s .showing tissue concentrations per 100 gm. to be as high as the 
following: liver, 37 mg.; .spleen, 42 mg.; brain, 24.5 mg.; and adrenal 
gland, 336 mg. These values rvere found in guinea pigs fed rabbit ebow 
and cabbage. The maximum values found in the present study were : 
liver, 32.8 ; spleen, 49.1 ; kidney, 11.6 ; adrenal, 166 ; skeletal muscle, 3.12 ; 
'u’uin, 22.8; heart, 8.98; and whole blood, 1.16 mg.(;t. With higher in- 
takes of ascorbic acid it appears possible to raise the tissue concentra- 
tions to higher levels. In the group of animals with the highest meas- 
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ured intake, namely 3.-i4 mg. per 100 gm. of body weight per day, the 
tissues bad not yet reached saturation, since the group receiving cab- 
hage bad higher levels. 

The ratios of the tissue concentrations of ascorbic acid to the whole 
blood concentration are shown in figure 1. With each tissue the ratio in- 
creases with increasing whole blood concentration to a maximum value. 
Increasing the whole blood concentration beyond this point resulted in 
a decrease in the ratio for spleen, kidney, brain, adrenal gland, heart 
and skeletal muscle, and no further increase in liver. The increasing 
ratio shows that the tissue concentrations of ascorbic acid are increas- 
ing at a faster rate than the whole blood concentration, indicating an 
active storage of vitamin C by the .tissues. In every tissue studied the 
ratio reaches a maximum value at, or near, a whole blood concentration 
of 0.25 mg.%. This finding means that the tissues withdraw ascorbic 
acid from the blood most effieicntly when the blood level reaches a 
concentration of 0.25 mg. per 100 ml. of whole blood. A higher blood 
level would have an advantage, however, in that it wonld bring about 
a greater storage of the vitamin for an emergency. The importance of 
these data is that they show the whole blood level of ascorbic acid re- 
liably reflects the concentration of the vitamin in the tissues, hence a 
whole blood determination of ascorbic acid may be accepted as a signifi- 
cant indication of the nutritional status of the animal with respect to 
this vitamin. 

From table 1, it will be seen that to maintain a whole blood concentra- 
tion of 0.25 mg. per 100 ml., an intake of approximately 1.23 mg. of as- 
corbic acid per 100 gm. of body weight per day is necessary. If this 
rate of intake were transferred to man on the basis of body weight, the 
intake of a 70 kg. man would bo 861 mg. per day. Translating upon a 
basis of body surface, the correspouding intake for man is ealoulafcd 
as follows. Using bleeh’s formula for calculnting surface area (Meeb, 
IST9;Lnsk, ’28, p. 123), the surface area of a 400 gm. guinea pig is 4.61 
sg. dm. This makes the guinea pig requirement 1.07 rag. per sq. dm. pei 
day when the whole blood level is maintained at 0.25 mg. per 100 ml. 
For an average man, height 5 ft. 8 in., weight 70 kg., the surface area 
(DnBois andDuBois, ’16) is 1.83 sq. m. or 183 sq. dm. An intake equiva- 
lent to 1.07 mg. per sq. dm. per day would be 196 mg. for a man of 183 
”1. dm. surface. Thus these studies indicate, by cither a body weight or 
surface area translation of data, that the vdtnmin 0 requirement of the 
iminea pig jg much greater than the requirement of man. 
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TIistoIofficat findings 


The observations of Zilva and Wells (’10) voA'ealed that the teeth 
rrere the first of the body tissues of the guinea pig to show an ah- 
Mimality during the development of scurr'y. Other histological work 
on the lesions in teeth of scorbutic guinea pigs bus been done by Toverud 
('23),H6jer and Westin (’25), Goettsch and Key (’28), Key and El- 
phicli (’31), Pish and Harris (’34) and Bovle and his associates {’38, 
’40). 

For the histological studies, fourteen male and twelve female guinea 
pigs were selected from the nine groups mentioned above. Each 
mandible with all teeth intact was fixed in neutral formalin, decalci- 
fied in an alcoholic 5% HKO., solution, embedded in nitrocellulose, sec- 
tioned lougitudinallj' and stained with hematoxylin and eosin, and Mal- 
lory’s triple connective tissue stain. These sections were then carefully 
studied for the presence of any lesions resnlting from the dietary regi- 
men of each group. The .specific areas subjected to critical study were 
pvedentine layer, dentine witli odontoblastic layer, enamel with amelo- 
blastic layer, pulp cavity, cemontum, periodontal membrane and the 
alveolar bone. 


The use of longitudinal sections of the incisor teeth instead of cross 
sections, as are commonly used (Hojer and We.stin, '25; Hojer, ’26; 
Goettsch and Key, ’28; Key and Blphich, ’31; Dnnn and Cowgill, ’35), 
has several advantages. Attention is called to the fact that each cross 
sectional level of the continually growing incisor tooth of the guinea 
pig has a different histological picture. The odontoblasts and amelo- 
biasts alter their cytologieal structure and show senile changes as they 
ungrate to tlie inoisornl end of the tooth. Thus cross sections at differ- 
ent levels have a different histological appearance. Any comparisons 
of such cross sections could, therefore, lead to erroneous conclusions, 
nrthennore, longilndinal .sections record the entire histoiy of any 
went acute scurvy. Changes in the incisor teeth, occurring early in the 
course of the deficiency, will still be observable at a later date in the 
sensitive coil layers which have subscquentlv migrated nearer the in- 

«soral end of the tooth. 

’ incisor teeth rather than molar teeth (Pish and Hands, 

1 because in the guinea pig the incisors grow, erupt and calcify con- 
WBally thronghont life. They show, therefore, in their longitudinal 
JO fbc complete cycle of an acute ascorbic acid deficiency. The 
0 ar teeth were of little value in our experiments because their growth 
argfily limited to the early periods of life and hence are not sensitive 
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to the recent acute manifestations . of the disease. Since the dentine 
and enamel layers in the molars of the guinea pig are of limited gro^\'fh, 
the critical cell layers, the odontoblasts and anieloblasts, are largely 
dormant, inactive, senile cells and not sensitive indicators of mild scor- 
butic conditions. 

There are two separate pathological changes occurring in the incisor 
teeth of guinea pigs upon a diet deficient in ascorbic acid. The finst 
change is an upset in the calcification processes of the tooth. This is 
seen in several of the layers. The predentine layer becomes calcified. 
Normally this layer is comparatively free of calcium. The dentine often 
shows a mottling effect accompanied by areas or zones of decalcificn- 
tion. The pulp cavity shows spotty areas of irregular foci of calcifica- 
tion. The bone sections show some decalcification or faulty calcification 
of the alveolar bone. The cementum in animals on low ^^tannn C intake 
is largely replaced b}* a calcified mati'ix vnth entrapped ceraentoblasts. 

The second constant change is a degeneration in the parenchjTiial 
cells of the teeth. The odontoblasts are the most sensitive of the paren- 
chymal ceils to a vitamin C deficiency (figs. 3, 4 and 5). In early ascorbic 
acid deficiency these cells become disorganized, vacuolated and show 
early signs of degeneration (fig. 3). "With ascorbic acid blood levels be- 
low 0.15 rag. per 100 ml. these cells are completely degenerated (figs. 4 
and 5). The ameloblasts are less sensitive to the lower levels of ascorbic 
acid intake (fig. 4) and show degeneration only in the most severe 
scurvy. The other cells — the ceraentoblasts, osteoblasts, and fibro- 
blasts — show premature atrophy, loss of normal function and general 
disintegration. 

These studies show clearly that the tootli is a good biological indi- 
cator of the nutritional status of the guinea pig in re.spect to vitamin C. 
The use of the teeth in guinea pigs is a much more accurate and sensi- 
tive means of detecting early scurvy symptoms than the usual methods. 
The presence of hemorrhages, especially around the knee .ioint, iia.« 
been ^videh” used as an indicator of scumw. The appearance of such 
hemorrhages, however, is a gross manifestation of a severe deficicne> 
and is of no value in the detection of mild scur^w. Our j'esiilts sliov 
that tooth lesions appear at much higher blood levels of a.seorbic ach 
than do the signs of hemorrhages (table 2). The retardation of grovt ) 
has long been used as an indicator of ascoi’bic acid deficiency. Tabic - 
shows that grovdh still occurred in animals held for 4 to 5 weeks on a 
diet low in ascorbic acid. The odontoblasts, however, indicated varying 
degrees of the deficiency wliich were not sho^vn by growth observation.-. 
Thus, the incisor teeth of the guinea pig, and more .spccificalh ic 
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parencliymal cells of these teeth, offer a seusitive measure of ayeoihic 
acid deficiency. 

The present studies confirm the observations of otlier iiivestij^afors 
(Zilva and Wells, 19; Toverud, ’23; Hojer and Westin, ’25; Key and 
Elphich, ’31; Dann and Cowgill, ’35; Boyle, Bessey and Howe," ’40), 

TABLE 2 


The relation of the blood level of ascorbic odd to the nulrhionol state of the puinea pip. 


OiriKEA PIG 
XUJfBER AKD SEX 

MG. ASCORBIC ACID 
PER 100 ML. or 
WHOLE BLOOD 

DEGREE OF 
TOOTH PATHOLOGY 

HF-MORRHAOE IK 
KKEE JOIKT 

WKrnnTo.^iK 
GM./D.tY * 

142 

F 

0.06 

4- 4- -f -f 

51arked 

3.1 

132 

F 

0.07 

4- 4- 4- 4- 

51arked 

1,5 

144 



4- 4- -f- 4- 

Slight 

0.0 

137 

F 

0.12 

+ "f" “f 

Slight 

-2.1 

173 



4-4-4- 

Slight 

4,7 

148 

F 


-f -f 

None 

2.6 

151 

M 


-t- -l- 

None 

.3.0 

171 

jr 


-f- -t- -}- -}- 

None 

6.4 

183 

M 


4- 

Slight 

5.1 

174 

F 


4" + 

None 

5.8 

185 

M 

0.19 

4- 4- 

None 


184 

F 

0.20 

4- 

None 

6.6 

191 


0.21 

4- 

None 

0.4 

199 

M 

0.22 

Norm.'il 

None 

3.7 

187 

51 


Normal 

None 

2.3 

201 

M 


Normal 

None 

2.9 

156 

F 


Normal 

None 

0.1 

200 

F 


Normal 

None 

3.8 

206 

F 


Normal 

None 

2.4 

202 

F 

0.37 

Normal 

None 

4.4 

163 

51 

0 42 

Normal 

None 

0.3 

161 

51 

0.43 

Normal 

None 

.3.7 

162 

F 

0.40 

Normal 

None 

2.3 

165 

51 

0.73 

Normal 

None 

3.4 

124 = 

F 

0.77 

4~ 

None 


167 

51 

1.16 

Normal 

None 

.5.1 


’ For last 14 days. 

- This animal was sick, refused food and lost weight. 


which have shoiim that, of the various tissues of the body of the giiniea 
pig, the incisor teeth are the most sensitive to a vitamin C deficiency. 
In addition we have established the blood and tissue ascorbic acid con- 
centrations which result in a normal histological picture, and tlie leie s 
at which pathological lesions occur. In table 2, a whole lilood concen- 
tration of 0.22 mg. of ascorbic acid per 100 ml. represents ace nu c 
border-line where the earliest pathological signs of a deficiencj occur 
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in tlie incisor teeth of guinea pigs. This level was determined h 3 ' a histo- 
logical diagnosis taking into consideration all of the criteria discussed 
above. The diagnoses were made by one of us (I.B.T.) without knowl- 
edge of the blood concentrations of ascorbic acid. In view of the rather 
narrow range of blood concentrations (0.08 mg. to 0.22 mg. of ascorbic 
acid per 100 ml.) above which normal histology was observed and be- 
low which the most severe pathological changes were found, table 2 
shows a striking correlation between chemical findings and histological 
observations. 

SUMMAKY 


1. A study of the relation of the blood concentration of ascorbic acid 
to the tissue concentrations and to the histology of the teeth has been 
made in the guinea pig. 

2. The most efficient rate of withdrawal of ascorbic acid from the 
Mood by liver, spleen, kidney, adrenal gland, brain, skeletal muscle and 
cardiac muscle occurs at a whole blood concentration of this vitamin 


near 0,25 mg. per 100 ml. 

3. A concentration of ascorbic acid in the tissues reflected by a blood 
level above 0.22 mg. per 100 ml. of whole blood will prevent the appear- 
ance of any pathological lesions in the incisor teeth of the guinea pig. 

4. The most obvious pathological changes due to ascorbic acid defici- 
ent are to be found in the odontoblastic layer. 

5. An alteration in the calcification pattern of the incisor teeth oo- 


enrs at about tlie same blood levels as those associated vvith beginning 
changes in the odontoblastic layer, but the former changes are not as 
consistent or as easily interpreted. 

6, Conventional methods of determining the presence of scurvy, such 
os the appearance of hemorrhages, reduced growth rate, or loosening of 
the teeth, are too inaccurate and insensitive to be of any value in de- 
tecting a mild ascorbic acid deficiency in the guinea pig. 

7. An intake of 1.23 mg. of ascorbic acid per 100 gm, of body weight 
IS required in the guinea pig to produce a whole blood level of 0.25 mg. 
Pw 100 ml. Translated to man, this requirement would he equivalent 
to an intake of 861 mg. per day on a basis of body weight or 196 mg. per 

on a surface area basis. These data indicate that the vitamin C 


requirement of the guinea pig is higher than that of man. 

3. Since there has been observed in the guinea pig a definite relation 
etween the concentration of ascorbic acid in tbe tissues and that in the 
ood, it is suggested that the determination of the ascorbic acid content 
0 the whole hlood is the best procedure for evaluating the nutritional 
s atus of an animal with respect to vitamin C. 
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licsults Imported in a previous publication on this subject (Black 
and Svnft, ’43) failed to verify the prevailing understanding that the 
critical temperature for an animal receiving food is lower than for the 
same animal during fasting. In this study the curve of heat production 
in relation to the environmental temperature for rats receiving feed 
"■as found to be similar to the one obtained earlier (Swift and Porhes, 
’39) for fasting rats except that somewhat more heat was produced in 
the feeding periods at temperatures above 26°C. The authors, however, 
wre careful to point out that failure to find any effect of food on the 
critical temperature did not prove that such an effect is non-esistent. 

The problem has recently, been subjected to further investigation 
uith three improvements in technique, namely; (1) the heat production 
of the same sis rats was determined during feeding and during fast, 
vhercas in the previous studies different groups of rats were used for 
these two conditions; (2) the experimental subjects were reared at a 
practically constant environmental temperature of 30“ C., which was 
®ifhm the zone of thermal neutrality, whereas in the earlier w'ork they 
u'cre reared at a slightly subcritical temperature; and (3) the diet fed 
"'as devised in the light of results obtained in other experiments at this 
laboratorj- (Forbes and Swift, ’44) in a manner calculated to produce 
a maximum dynamic effect. 

Six mature, male, albino rats were used in this study, which extended 
crer a period of 34 months. The ration consisted of a mixture of the 
stock colony diet^’ (56.2%) and ether-extracted beef muscle (43.8%). 
The ration contained 50.1% protein, and was characterized by an energy 
"alue of 4558 cal. per gram. The rats were fed nearly the maximum 

■Auttorhej for puMkation on June 13, 1944 ns paper no. 1238 in the Journal Series of fto 

enBsylyania Agricultural Experiment Station. 

^risa 3og chow. 
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quantity they would consume, five of them each eating 14 gm. of feed 
per day, and the sLvth animal consuming 11 gm. The daily allotment of 
feed was weighed out in two equal portions and fed at 7 a.ji. and 5 p.m. 
The feed intake was constant throughout the entire experiment, except 
that preceding the fasting periods, which were always at least 8 days 
apart, two consecutive portions of feed were withheld. Thus, a rat en- 
tering the respiration chamber at 8 a.m., in a fasting experiment, Avould 
have consumed its most recent portion of feed, about 24 hours earlier. 

The apparatus and procedure were similar to those- which have been 
described in previous publications (Swift and Forbes, ’39; Black, and 
Svdft, ’43). Respiration measurements began at about 8 a.ji. and con- 
tinued for 8 hours. During tliis interval the CO 2 was determined at tlie 
end of the first, second, third, sixth, and eighth hours. The entire period 
was used to determine the respiratoiy quotient and total oxygen con- 
sumption, while for the computation of the metabolism during rest, the 
subperiods of inappreciable activity and uniform COo production were 
used. 

A distinct advantage of using the same six rats throughout the entire 
experiment was that, as the animals became accustomed to the routine, 
they remained quiet, not only while being weighed on a large chaino- 
matic balance at the beginning and end of each respiration period, but 
also duidng a large part of the 8 hours spent in the respiration chamber. 
This is important, since the selection of the intervals of COj measure- 
ment to represent the metabolism during rest is fraught vdth some de- 
gree of uncertainty even when work adders are used as indicators of 
activity’’. In order to make such selection less arbitraiw, in the experi- 
ment here reported, the intervals used to represent the metabolism 
during minimum activity’ were those in which the COo fell vdtbin ± 
of the average for the day’ for the animal in question, excluding from 
the average a preliminary period since the animal was not exposed to 
the temperature of the respiration chamber until the beginning of this 
period. Furthermore, it is to be expected that there would ho a lag in 
the physiological response of the animal to the environmental tem- 
perature. 

The temperature of the respiration chamber, immersed in a water 
bath, was higher than that of the bath, especially’ at the lower tempera 
tures. At a bath temperature of 12.9° G. the chamber registered h -i 
whereas at a bath temperature of 31° C., or above, the difference vas 
negligible. Tbe temperature inside the chamber was taken as the en- 
vironmental temperature. 
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After the respiration measurements were completed, the urine and 
feces were collected separately during a feeding period of 8 days. The 
urinary nitrogen was used as a basis for the derivation of the heat pro- 
duced hy the oxidation of protein, and for the derivation of the non- 
protein respiratory quotient in the usual manner. In the fasting periods, 
the respiratory quotients Avere not corrected for the protein metabolism. 

The chronological order in which the experiments were conducted is 
shorn in fable 1. In all cases, any feeding period was followed hnmedi- 
ately by a fasting period at the same temperature. The live weight of 
the rats during the 31 months was nearly constant, increasing from an 
average of 326 gm, to 336 gm. for the feeding periods, and from 300 gm. 
to 311 gm. during the fasting periods. The fasting heat production of 
each rat for each day was computed to a live weight of 310 gm. in ac- 
cord with the 0.73 power of the live weight. The heat production of the 
feeding periods was used as determined. 

The use of the same rats throughout the experiment allowed the ap- 
plication of Student’s method in evaluating the results, the measure- 
ments of heat production as obtained from a given rat at two different 
temperatures constituting a pair of observations. The odds of signifi- 
cance shown in table 1 have been derived by comparing the values for 
the heat production of each of the six rat.s with the corresponding values 
at different temperatures. It is obvious that if the differences in en- 
virontnental temperature arc very small, no statistically significant dif- 
ference could he shown to exist hetwecu the values for heat production 
at any two consecutive temperatures. The temperatures for which the 
heat productions were compared in evaluating the significance of the 
differences between these values, are indicated in table 1. 

The respiratory quotients in all feeding and fasting periods were ex- 
tremely uniform among the 6 rats for any given temperature. In ac- 
cord with a finding by Swift ( ’32) that protein metabolism is unaffected 
by exposure to cold, it was con.sidered that the protein metabolism in 
the feeding periods, at all temperatures, was represented without sig- 
luficant error by the urinary nitrogen obtained during the 8-day collec- 
wto* ® .'which the environmental temperature was very close to 

d C. It is interesting to note that, throughout the range of thermal 
Mutrality of the environment, about 71% of the total heat was derived 
rom protein, while at 15° C. protein furnished 41% of the heat, with a 
coi^mitant increase in the amount of fat oxidized. 

When this study was undertaken it was considered that the effect of 
ought be not only to lower the critical temperature, but that 
'w h fall ia tjjg temperature below the critical for fasting there would 
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be no increase in lieat production during feeding periods until all of the 
heat increment of the -food ns observed during thermal neutrality had 
been utilized to prevent an increased metabolism due to cold. However, 
figure 1 shows that only about two thirds of the heat increment was ef- 
fective in this respect, since the difference between the heat production 
of feed and of fast was about one third as great at subcritieal tempera- 
tures as within the zone of thermal neutrality. In other words, we may 
consider that at subcritieal temperatures, at least from 15° to 23°0., 
about two thirds of the heat increment is “useful” to the rat. It is rec- 
ognized that any effect which feeding or fasting may have exerted on 
the constancy of body temperature is an integral part of the results 
obtained. 



The results depicted in figure 1, and in table 1, are largely self-es- 
P Matory. The range of thermal neutrality for fasting rats is shown 
" 28° to 33°C. The observed critical temperature (28°C.) is 2 

agrees lower than as reported in a previous publication (Swift and 
orbes, ’39), the upper limit of the zone of thermal nentrality being 
6 same as previously found. It is possible that the residual effect of 
^ very high protein diet fed in the present e.xperin!ental work ao- 
counts for this difference. The range of thermal neutrality for the rats 
™ue receiving feed was from 27° to 32°C. Thus, the consumption of 
wd characterized by a high dynamic effect resulted in the lowering of 
, ° upper and the lower limits of the zone of thermal neutralitv' 

bfHC. 

It is concluded, therefore, that energy metabolism studies with albino 
s, either with or without feed, may properly he condnoted at 30°C. 
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The plotting of the data for each rat produced a curve of heat pro- 
duction closely similar to the curve representing the six animals as 
shown in figure 1. 

At the start of the experiment five of the six rats were 6 months of age, 
the sixth animal being slightly more than 1 year old. Each rat vas 
fasted a total of eleven times, and in ten instances the oldest indmclual 
produced more heat (correlated to uniform live weight) at each tempera- 
ture than did any of the younger rats. At all temperatures the heat 
production of the oldest rat exceeded the average heat production for 
the six rats. The amount by which the heat production of the oldest 
rat exceeded the average heat production of the other five rats in the 
eleven fasting periods was 12.9%. This is in accord vuth a result re- 
ported by Benedict and MacLeod ( ’29) who found that the metabolism 
of fasting rats increases with age. 

SUMMABY 

The heat production of six mature, male, albino rats was determined 
while receiving a diet characterized by a high dynamic effect, and also 
while fasting, at environmental temperatures ranging from 15® to S4°C. 
The zone of thermal neutrality for the fasting rats was found to he 
from 28° to 33°G., the effect of feed being to lower both limits of this 
range by 1°C. About one third of the heat increment of the food as ob- 
served in the zone of thermal neutrality was manifest below the critical 
temperature. 
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THE BIOLOGICAL ASSAY OF VITAMIN A BY MEANS OF 
ITS INFLUENCE ON THE CELLULAR- CONTENTS 
OF THE VAGINA OF EATS 

LEOXABD I. PUGSLEY, GOEDON WILLS AND W. ALLISTEE CEANDALL 
laloratori/ of Hygiene, Department of Vcmlons and }\ational Health, Ottawa, Canada 

ON*E nOORE 

(deceived for publication June 9, 1944) 

Evans and Bishop ( ’22) observed tliat j'onng rats fed a vitamin A 
deficient diet failed to show the normal cyclic changes in the cellular 
contents of the vagina and the squamous cells normally present during 
cstrus were seen continuously. Attempts wore made by a number of 
workers, Coward (’29), Hohlweg and Dohrn (’30), Bauman and Steon- 
bock ( ’32), Moll et al. ( ’33), Coward et al. ( ’35), Coward ( ’38) and Goss 
and Guilbert (’39)' to use this phenomenon as a criterion of response 
for the biological assay of vitamin A and its precursors. 

In view of the relatively low dcgi’ce of precision attained, duration 
of the test and the difficulties encountered in performing a satisfactory 
assay by the methods outlined in the United States Pharmacopoeia XII 
(’12) and British Pharmacopoeia (’32) addendum (’36) it appeared 
worthwhile to make a further study of the vaginal smear method to 
aoo if a practical and convenient procedure for the biological assay of 
vitamin A could be obtained yielding more preci.se values than those 
ileponding on an increase in body weight. 

JIETnOD 

During a period of 10 to 12 days 100 or more female rats at 21 days 
" are obtained from the stock colony. They are fed the mainte- 
aancediet (table 1) and kept in screened-bottom cages until vaginal iin 
roitus occurs in the whole group.’ At this time the whole group is 
OTariectomizod (Burn, ’37), and 2 to 3 days following the operation 
'nginal smears are taken from the whole group. Depending on the 
einmant 1)^)6 of cell present in the smear the rats are retained on the 
^aatenance diet or fed the vitamin A free diet (table 1). If leucocytes 

The Oejj gg,, i„ the Labouitory of Hygiene’s colony of rats of W’iatar 

nraia u 450 * 4 , j 
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predominate, the rats are fed the vitamin A free diet and the smears are 
examined bi-weekly until there is a dominance of squamous cells mixed 
rvith epithelial cells and leucocytes (stage 3, see below). Some of the 
rats reach this stage or one approaching it on the maintenance diet and 
they are retained on this diet until the remainder of the group shows 
the same evidence of depletion. When the whole group is near deple- 
tion, as shown by the vaginal smear, the rats are weighed, placed on the 
vitamin A free diet and smears are examined daity until all show uni- 
formly a dominance of squamous cells (stages 1 and 2). This usually 
requires 3 to 4 days. The rats are weighed again and any showing a 
marked loss in weight (10 gm. or more) are excluded. The rats are 
divided into at least six groups on the basis of equal distribution of 
body weight. Three of the groups receive doses of the standard and 

TABLE 1 


Diels used for Die biological assay of vitamin A by the vaginal smear Uchnif/ue. 



DIET 


COJtPONEKT 

Vitamin A free 

Mflintenance 

Rice starch, dextrinized 

Casein, ntamin-free (Labco) 

Brewers’ veast, fat-free 

Brewers’ yeast 

Corn oil (Mazola) 

Wheat germ 

Salt mixture (U.S.P.SII) 

Vitamin D (riosterol) : per 100 gm. 

65% 

18% 

•8% 

5% 

4% 

300 I.U. 

58% 

18% 

8% 

5% 

7% 

4% 

300 I.U. 


the remaining three groups doses of the sample. The doses of vitannn 
A are made up in cocoanut oil and administered orally morning a" 
night for 2 successive days in a volume of 0.1 ml. by means of a tuber 
culin syringe bearing a 20-gauge needle cut off at 1.5 cm. ^ In the case 
of low potency products the volume administered can be increase o 
0.25 ml. and the dosing time extended to 4 days. Beginning on the c <iy 
folloxving the last dose vaginal smears are taken daily for 3 successn^e 
days and subsequent smears are made according to the type o ce 

present in the last smear. , r 1 is 

A smear is made with pledgets of cotton on a tooth pick, u 
moistened -with water, introduced into the vagina, rotated 
laid on a slide bearing the number of the rat. A drop of 
to the slide, the cotton rubbed through this and the smear leac ui 
staining under the low power of a microscope. The smears aie 
as indicated in table 2 depending on the predominant tyT*^ ° 
present. 
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All rats in stages 1 and 2 are regarded as depleted of vitamin A and 
tlie reinaincler as not depleted. As soon as tlie smears fall into stages 
3 and 4, daily smears should be taken and examined so that the end- 
point of the depletion (stages 1 and 2) may not be missed. Tbe appear- 
ance of the smears of tbe depleted rats is similar to tbe full estrus 
smear encountered with ovariectomized rats treated vdtb estrogen or 
the squamous stage of tbe normal estrus cycle except a few leucocytes 
pcLsist in some and stage 2 is included to take care of these. 

TABLE 2 


HSf(? in recouUng the charactc) of the vaginal smear anO the corresponding stage in 
vvffljniw A deficiency. 


BT4Gr 

SYMBOL 

TTPES or Cr.LM I 

RT4CE 

fikMUOL 

TYPES OP CELLS 

1 

+ 

Squamous cells 1 

5 

+ L 

Leucocytes with a few epi- 





^ E 

thcUal cells 

0 

±s 

Squamous cells with a few 






leucocytes 

G 

4-1- 

Leucocytes with a few squa* 





-S 

mous cells 

3 

+ s 

Squamous colls with cpi* 





-E 

thelial colls and a few 

7 

— 

Leucocytes 



leucocytes 




4 

+ E 

Epithelial cells with squa* 





-S 

inous cells and, a few 




— 


leucocytes 





The response is taken as the nnmbei* of days, beginning' with the 
fii'st day of dosing, required for the cellular contents of the vagina to 
diange from the squamous cells, stages 1 and 2 (depleted state) to 
leucocytes or a mixture of leucocytes, epithelial and squamous cells, 
stages 3 to 7 (curative state) and return to squamous cells, stages 1 oi 
2 (depleted state). As soon as any rat on a dosage level shows stages 
i or 2 (depleted state) it is returned to tbe maintenance diet. Three to 
■^days after an assay is completed the Avholc group of rats is weighed, 
smears examined and tlie animals given the vitamin A free diet, 
the whole group is uniformly depleted (usually 3 to 5 days later) 
hie vats are weighed again, grouped as above and utilized for another 
ossay. The same group of rats can be used repeatedly in this mannei 
or eight to ten assays or until it becomes too small to use to advantage. 


EXPERIMENTAL 

To evaluate the method using a relatively 'wide range of doses and 
|o establish the relation between dose and response which gives the 
measure of potency, the following experiment was performed. 
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EigMy-four rats were depleted of their vitamin A reserves as described 
above and assembled in six groups of fourteen rats each. Doses of 
vitamin A from 50 to 524 International Units (I.U.) were prepared 
from the Canadian Standard Eeference oil by dilutiob ndtb eocoanut 
oil, each dose being 1.6 times the previous dose. The results are sbovn 
in table 3 and graphically in figure 1. It is seen that the points fit a 

TABLE 3 

The response of rais io vlianxin A, 


GEOUP 

MO. 


KO. or 
RATS 


DOSE IM 
I.U. 


LOO DOSE 
IN I.U. 


MEAN AKTTn. 
RESPONSE 
IN PAYS 


MEAN LOO 
RESPONSE 
IN DATS 


8.E. X 1.96 ‘ 
hOQ nr<?ro.vsR 








TUE BIOLOGICAL ASSAY OF AYTAMIY A 


3G9 


straight line reasonably well over tins relatively wide range of doses, 
when the logarithm of the dose is plotted against the logarithm of re- 
sponse. The straight line is represented by the equation log. y = 1.222 
iO.522 (log. X- 2.209). 

The resnlts were subjected to. factorial analyses to determine the 
best method of expressing the values for a linear dosage response curve. 
Groups 1, 3 and 5 were taken as the standard and 2, 4 and 6 as the 
sample. Since most graded response assays follow a logarithmic dose 
and an arithmetic response relationship this was calculated first. Ac- 
cording io the variance ratio (table 4, column 2) the dosage response 
curve shows a significant amount of curvature and the lines are not 
parallel. The critical value at the 5% level of significance and the 
niunher of degrees of freedom in this experiment is approximately 4.0 
(Fisher and Yates, ’38). On the other hand when the logarithm of the 


T,IBI,E 4 


The variance ratios vsing ihe logarithm of the dose and the arithmetic response and the 
lo^jarithm of the do«c and the loponlJm of the response. 



VlBJAXCt RATIO 

LOO DOSE— - ASttn. RESrOSSE 

TAB lAXCE Brno 

LOrt DOSE — LOO EESPOKSC 

Sample 

114.83 

94.16 

Slope 

1320.09 

1140.28 

PaialleUm 

14.38 

• .IS 

Corrature 

23.21 

.07 

Opposed curratuie 

.23 

.00 


dose and the logarithm of I’esponse are used, ihe variance ratio (table 
4, column 3) indicates there is not a significant degree of curvature and 
die lines are parallel. The variance ratios were calculated in this man- 
ner for sixteen assays; and, using the logarithm of the dose and the 
arithmetic response, the ratio exceeded the critical value in eight cases 
respect to curvature and in two cases ■with respect to parallelism, 
^Hle using logarithm of the dose and logarithm of response the ratio 
^ras well below the critical value 'in all assays. From these results it is 
concluded that this type of assav follows a logarithm of the dose and a 
^o^rithm of response relationship. 

deferring to the data in table 3 using groups 1, 3 and 5 as the standard 
4 and 6 as the sample the most probable value for the ratio 1^1 was 
^■55 n-ith a range of 1.40 to 1.70 (p = 0,95). The actual value was 1.60. 

^he precision and reproducibility of the method was detennined by 
assaying the Canadian Standard Beference oil against itself. The oil or 
^‘irious dilutions of it were presented as unkno’wns to the authors. An 
approximate potency was revealed to permit the preparation of desir- 
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able dosage levels and tbe actual potency was reported after the assay 
and the calculations were completed. Three dosage levels of the stand- 
ard and unknomi in eocoanut oil Avere used in all these assays and the 
data were calculated hy the method of Bliss and Marks (’’35)). The 
assays Avere set up Avith equal numbers of rats on each dosage level, hut 
occasional deaths occurred and the Avhole group for the purpose of the 
calculations Avas reduced accordingly hy striking off the last animal in 
the list AA^here extra ones occurred in order to balance the groups. The 
results are shoAAui in table 5. It is seen that the potency determined hy 
assay agrees satisfactorily with the true potency. 


TABLE 5 

The precision and reprodiicibilitp of the method of assay. 


ASSAY 

KO. OF 
RATS 

POTENCY 

FOUND XN 

UMITS OF ERROR 

OF TEST X 1.96 

ACTUAlv POTENCY 



I.V. 

% 

I.V. 

1 

42 

1830 

87.2 - 114.7 

1700 

2 

54 

1730 

93.3 — 107.2 

1700 

3 

60 

1460 

93.7 — 106.6 

1445 

4 

48 

780 

88.2 — 113.3 

790 


In order to shoAv the Amrsatile application of the method the results 
obtained with a group of miscellaneous irroducts are presented in table 
6. These products Avere assayed against the Canadian Standard Refer- 
ence oil using eocoanut oil as the diluent for the dosage levels except in 
the case of spinach, mixed Amgetable juices, milk chocolate poAvder and 
dehydrated egg powder, AA'here water was used. It Avas necessary to ex- 
tend the dosing period to 3 days AAuth the butter and the spinach and 4 
days Avith the mixed vegetable juices and egg poAvder because of their 
low potency. The dosage leAmls of these latter products Av'ere made ade- 
quate by increasing the amounts administered, and the standard in oil 
AAms administered in the same manner. The slopes of the dosage re- 
sponse curves of the products in aqueous medium were not significantly 
different fi'om that of the standard in oil. Ho difficulties AA’ere encoun- 
tered in these assays and the method appears applicable to a variety' of 
products. 

To determine if variations in the initial AA’eight of the rats influenced 
the precision of the assay', the body' AA'eights of all rats in each of four 
assays Avere reduced to a common A'alue by analysing tbe data by co- 
variance (Bliss and Marks, ’39). The reduction in the error (table 7) 
is not sufficient to require a correction or to limit the ranges of body 
weight below those used in these tests. It is seen from the standard 
deviation of the mean body Aveight that considerable variation e.visto 
at the time of assembling the groups. 
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The same sample of cod liver oil was assayed three times against the 
Intoriintionnl Standard (3 Carotene by (a) the vaginal smear method 
and (b) by the procedure outlined in the British Pharmacopoeia ( ’32) 
addendum (’36) using the 5 weeks dosing schedule. It is seen (table 8) 
that the vitamin A potency determined by the vaginal smear method is 
approximately the same as the potency' determined by the increase in 
might method. The difference between the two weighted means is not 
significant (t = 0.520). The three assays hy the vaginal smear method 


TABLE G 


Aftscenancoxs assays^ 


JXOhVCT 

}fo. or 

RATS 

l*OT*HCY 

RANOB or POTESCT ' 

g>IXl.96 


Cod Uv€f oil 

48 

I.V /ptront. 

1480 

1300 to 1680 


Shark lifer oil 

48 

27700 

24700 to 31000 


DUtUlcd Titamin A 
conoentrale 

72 

307400 

280500 to 32.0800 


One per cent vitamin A 
acetate ia Wesson oil 

GO 

4G000 

41600 to 51300 


Bairy butter 

55 

81 

76 to 86 


Strained spinacli 

G8 

50 

52 to 67 


^aed vegetaMe juicee 

50 

22 

17 to 28 


iiilk chocolate poNsdet 

5G 

184 

157 to 215 


I^hydrated egg poivdcr 

33 

7 

4 toll 




The effect of body 

TABLE 7 

tceight on the variance for expermenial error. 


AS$lt 

J»0 

Ko.or 

ME\KWt. ■ 



vAsrAifCE roK 
rXrEBIllEl^TAl. ERROR 


RATS 

QM. 

DEVIATlOK KXPERIMEHTAI. ntBOR 

CORRECTED TOR 

PODt WEIOHT 


1 

84 

136.3 

18.3 

,00228 

.00222 



48 

188.0 

16.4 

.00257 

.00257 


Z 

54 

180.5 

18.0 

.00134 

.00129 



60 

171.2 

21.1 

.00126 

.00124 



done on the same g;rou }3 of rats and it required approximately 2 
i^'eeks fo complete each of them with an interval of 4 to 6 days between 
pssays. On the other hand three groups of rats were required for the 
increase in weight method whicli involved a 5-weeks dosing schedule 
^ the assay in each case was prolonged for approximately 7 weeks 
0 leplacements on account of deaths during the first 2 weeks. It is 
ui e evident from these results that the vaginal smear method shows a 
Gfl advantage with respect to pi’ecision and economy of material, 

anti effort. 
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Hickman et al. ( ’44) liave shomi that mixed natural tocoplierols en- 
hance the growth promoting properties of vitamin A. It was considered 
advisable to see if tocoplierols produced a similar effect in the vaginal 
smear response to vitamin A. This was done by assaying the Cana°lian 
Standard Eeference oil against itself and administering a tocopherol = 
or mixed natural tocopherol'' vdth the doses at the various levels 
(total dose) indicated in table 9, assays 1 to 7. Also the International 
Standard 3-Carotene was assayed against itself vdth the addition of 
a tocopherol to the sample (assay 8 table 9). It is seen that when 
a tocopherol is administered with both the standard and the sample 
in amounts of 0.5 mg., the ratio of the potency of the sample to 
that of the standard remains unchanged vdthin the limits of error 

TABLE 8 


A comparison of the vaginal smear method and the increase in weight method for the nssag of 

vitamin A. 


ASSAY 

NO. OP 
RATS 

POTENCY LIMITS OP ERROR SM X 1.90 

♦ IN 1.17. IN PER CENT 



Vaginal smear method 


1 

CO 

1482 

88.6 to 112.0 

O 

56 

1561 

86.0 to 113.6 

3 

.57 

1445 

8.0.9 to 111.2 

Weighted moan 


1480 

93.2 to 107..3 



Increase in weight method 


1 

52 

1727 

82.0 to 124.7 

O 

48 

1165 

68.9 to 145.2 

3 

52 

1560 

69.4 to 143.7 

Weighted me.nn 


1.561 

84.5 to 118..3 

of the assay. 

There 

was no evidence from 

the variance ralios or 


the slope of the dosage response curve that the tocopherol produced any 
irregularities in this assay. Oh the other hand, when a tocopherol or 
mixed natural tocopherol was added to the doses regarded as the 
sample, there was a significant difference between the standard and 
sample in assays 2, 4 and 5. In all these assays the tocopherol shows 
the power to enhance the activity of the sample, and the mixed natural 
tocopherol produced a greater effect than the a tocopherol. However, 
when the a tocopherol was administered, adding 0.5 mg. to the standaid 
and 2.0 mg. to the sample (assay 6), there was not a significant^differ- 
ence between standard and sample. This was repeated (assay 7) vit 
1.0 mg. of mixed natural tocoidierol added to the standard and 4.0 mg. 

= From the S. M. A. Corpor.ation. 

> From Distillation Products, Inc. 
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to the sample with the same result. These experiments indicate that if 
art oil is suspected of containing tocopherol the true vitamin A activity 
can be determined if an amount of tocopherol above the optimum (0.5 
mg.) is administered vdth the standard and a similar amount added to 
the doses of the sample since an excess above 0.5 mg. does not produce 
an added effect. The experiment with P carotene illustrates that toco- 
pherol enhances its activity since there is a significant difference between 

TABLE 9 


The effect of tocopherots on. the responic io t tfnnitfi J.. 


itiij 

so. 

KO. OP 

ms 

»\Tio or 

TO 

<TA!.*D.UID 

UJXITa or ERROR 

Jit RGB OEKT 

su X i.oc 

VABIANCB 
KATIO rOB 
SAltrLET 

tU3USKS 

1 

54 

1.02 

93.5 to 107.1 

0.276 

C.nnadjan Standard Reference 
oU \ntli 0.5 rag. a tocopherol 
added to both standard and 
.i.imple. 

' 

44 

1.22 

88.7 to 112.7 

13.04 

0.5 mg. a tocopherol added to 
sample. 

3 

25 

2.20 

79.0 to 126.5 

2.83 

0.5 mg. 0 tocopherol added to 
sample. 

4 

44 

1.5G 

79.9 to 125.1 

17.10 

4.0 mg. mixed natural tocopherol 
added to sample. 

5 

44 

1,C2 

77.0 to 129.8 

19.40 

1.0 mg. mixed natural tocopherol 
added to sample. 

6 

60 

0.96 

80.7 to 115.3 

0.41 

0.5 mg. a tocopherol added to 
standard and 2.0 mg. a toco- 
pherol to sample. 

7 

44 

1.01 

88.0toll3.C 

0.11 

2.0 mg. mixed natural toco- 
pherol added to standard and 
4.0 uig. mixed natural toco- 
pherol to sample. 


72 

2.10 

03.4 to 107.4 

4.11 

^ carotene with 0,5 mg. a toco- 
pherol added to the sample. 


le standard and sample according to the variance ratio. These experi- 
ments confirm those of Hickman et al. (’44) indicating that tocopherols 
augment the effect of vitamin A, but this augmentation can be controlled 
|n an assay by ensuring that tocopherol is administered with the doses 
'a amounts above the optimum to both standard and sample. 

was observed that the squamous cells in the vaginal smear of de- 
P e ed rats disappeared 3 to 5 days after dosing with vitamin A. At- 
empts were made to use the absence of squamous cells from the smears 
''s a criterion of response in the same manner as the absence of leuco- 
*^7 es 18 used as a criterion of response in the assays of estrogens. Hats 
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were depleted as described above and assembled for four dosage levels 
of vitamin A. Tbe doses were administered orally once daily for 5 days 
and tbe smears were examined daily for 6 or more days after dosin". 
The percentage, of rats on each dosage level showing the absence of 
squamous cells in their smears between the third and fifth day after dos- 
ing was taken and the slope of the dosage respoiise curve caiculatcd ac- 
cording to the method of Bliss ( ’35) for the quantal response data. It 
is seen (table 10) that the slope (b) of the dosage response curve is 
relatively low for a precise method of assay. Difficulties were encoun- 
tered in obtaining clear-cut end points and this criterion of response was 
rejected in favor of the one described above. 

TABLE 10 


Qvnnlal response assays for vilamin A. 


cimvE 

J?0. 

KO. OP 

RATS 

b 

vb 

RD.w 

J.V, 

1 

46 

5.045 

1.943 

99.7 

o 

60 

3.095 

2.704 

129.2 

3 

57 

4.325 

1.281 

129.2 

4 

61 

1.445 

0.987 

95.4 

5 

34 

3.146 

3.508 

109.2 

6 

65 

1.568 

0.216 

136.0 

Mean 


2.103 




DISCUSSION 

The assay of vitamin A by its effect on growth rate, as measured in 
terms of the weight of rats fed on a relatively purified diet deficient in 
vitamin A and undoubtedly in other factors as well, makes such an assay 
method unsatisfactoiw on account of the relatively non-specific type of 
I'esponse. While vitamin A has some effect on gro’wth there are a num- 
ber of factors concerned in such a response, and vitamin A is not nec- 
essarily the limiting one under the existing conditions. On the other 
hand the change produced in epithelial structures is one of the mosf 
characteristic effects of a vitamin A deficiency. It is completely ro- 
vei’sible and occurs regardless of age. The role of vitamin A in the 
normal differentiation of cells has thus far not been explained satisfac- 
torily. The production of keratinized cells in the cellular contents of f le 
vagina of rats deficient in vitamin A makes a readily available .uk 
practical means of measuring the response to vitamin _ 

The diet usually employed to produce a vitamin A deficiency is no 
well balanced vuth respect to the B vitamins; and to render the la s 
deficient in vitamin A but in an otherwise more safisfactoiy mdritionn 
condition, a maintenance diet was employed for the primary dep e ion 
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period and t? snprc— rbj rsts st Ij'c- levels o: vira-.v.lr. A vosx'vw Ix'- 
trveen tO£ts- A ntnnr‘5r c; snc^rirurron? end edditior'.s t£:o A t'rw r» 
tion were tried rr en sttempt to devise r. satistactory v.-.a;r.:er.;v.xv via :, 
namely (a) feedinr tdo vits.~in A t'roo die: and a raaiv.tev.ar.ev' dose oC 
vitamin A (i>) adding sSin: c'dA rvjvrder to the atv.onr.t of d-f of the 
diet, (c) sGhstitniing cnesrraetec conuneroia'. ease;:; for os;:viet<xl 
casein in the A free die;. \d) adding veht-a; gom.'. to t'ue .V ;;xo die: to 
the amonnt of 5. T and lOi;-. ;md (o) addrac \vt;o;U p,'r;;’. to the are.o”;;: 
of 7fc and snisdrclinn rtnestraeted ot'.seir. for oxtr;\ete\l easeh: a;;d 
brewers’ yeast for fat-fre§ yeast. The las: altotatio;; of the .\. f;x'e die; 
proved more salisfaetory and convenient. WTie:; t!ie tnai:;*e;;a:;eo die: 
(table 1) was prepared a; weekly intervals it; this ;t;a;;ner and fovl d;;r- 
ing the primary depletion period, a steady inerease in. weight ooenrtxxl 
and the rats were in a better nntritional condition than when the .\ froo 
diet alone was fed. The amount of carotene in the ;naintona;;eo diet ap- 
pears to be jnst enough for subsistence and at the same tinte to ix'nder 
the rats easDy depleted upon feeding the .\ free diet. Xo difncnlties 
have been encountered with different lots of connnendal easein and 
wheat germ obtained over a period of 2 years. 

Attempts were made to hasten vaginal introitns by the sulmiiiistra- 
tion of estrogens. Following subcutaneous iitjection of ttn fnpteous solu- 
tion of dietbylstilbestrol (0.2 ml. = 2 pg.) into a group of 30 rats 23 to 
35 days of age and estrone (0,2 ml. = 3 pg.) into another gronyi of 30 
tats of the same age, rupture of the vaginal membratte occurred 4 to 0 
days later and the rats were readv for ovariectouiy, AUbougb this 
treatment is nnnecessarv it has the advantage of saving time i;\ ebeekitig 
the rats for vaginal introitns during the primary depletioi; period, lit a 
few cases when puberty was allowed to proceed naturally, and vagitial 
introitns was delayed in a few rats in the group, the moiubrntte over the 
vagina was punctured with a needle. This intervention and the ad;niius- 
tration of estrogens did not interfere with the subsequent voactio;; of 
the rats to vitamin A 

Intact female rats have been used by other workers to demonstrate 
the effect of vitamin A on the cellular contents of the vagina. It was 
considered that the ovaiiectomized rat would he a more sntisfaetovy 
animal to use, since the removal of the ovaries ensures tluif the vospo;isc 
will not he interpreted as a normal or a prolonged cstr;is effect. No 
post-operative infections occurred when the vitamin A dcfieioiit rat.s 
were ovariectomized without precautions as to sterility, and no in- 
stances of regeneration of ovarian tissue have been encountered. 'Phis 
eperatio;! is a reiatively simple one requiruig 3 to 4 minutes per ral, 
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and after one lias obtained experience in administering tbe aiinosn».i 5 o 
the deaths at operation are nil. 

The progress of the depletion and the response is quite aclequatelv 
followed by the system of sjunhols recommended. In some cases llic 
smears are slightly diflScult to interpret.due to the persistence of leuco- 
cytes. This usually occurs wdien the rats are suffering from an infection 
of the urogenital or respiratory tracts. A confirmatory reading often 
clears up any doubts regarding the end point of the test. It was found 
that as soon as the cells in the smears become predominately squamous 
- in the vitamin A depleted rats, such a condition persists until death 
occurs. The smears are examined only once daily, since it was consid- 
ered impractical and inconvenient to read them more frequently. 
Smears may' be read quite satisfactorily 24 hours after they are ob- 
tained pro^dding they are moistened and covered. This practice of 
having an assistant take the smears on Sunday and to delay the read- 
ing until Monday was followed in a few assays. 

The response of the rats on the low dosage level was questionable in 
a few assays because the dose of vitamin A was not sufficient to cause 
a change from the squamous cells to epithelial cells and leucocytes 
during the 3 days after dosing. Groups of rats reacting in this manner 
were excluded from the calculations. It .has been observed that the 
dosage levels can be arranged for unlcnown oils quite satisfactorily 
when the L value per gram as determined colorimetrically by the method 
of Dann and Evelyn ( ’38) is interpreted directly in International Units. 
The minimum total dose for a satisfactory response in our colony of 
rats is between 45 and 60 I.II. of vitamin A. 

Greater uniformity is obtained if complete groups of rats are as- 
sembled for a test, rather than to begin dosing a few rats at a time as 
they become depleted. The former method requims some shifting of the 
rats from the A fi’ee diet to the maintenance diet and vice versa, but it 
, is only in the primary depletion period that this shifting requires much 
attention. After the first assay is completed the rats become deplete 
at a remarkably uniform rate for subsequent assays. 

A linear dosage response relationship is obtained by plotting t ic 
logarithm of the dose against the logarithm of the response an m 
this respect the method differs from most assay procedures of a con 
tinuous variate ty^pe in which a linear relationship is obtained by p^ 
ting the logarithm of the dose against the arithmetic response, n ns 
connection De Graff et al. (’41)‘have shown that the assay of digitalis 
glucosides by the embryonic chick heart follows a logarithm of e o- 
and a logarithm of the response relationship. To show that tic laria 
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tions in response of the individual dosage levels follow a normal distri- 
bution curve, the response obtained with each of three dosage levels of 
the Canadian Standard Reference oil were pooled for eleven assays 
which gave 100 rats per dosage level. When the days were grouped for 
each dosage level and the resulting percentages calculated, a normal 
carve of distribution for each dosage level was obtained. 

The precision of this method of assay is relatively greater than that 
obtained with the increase in weight method of assay. Typical values 
of the limits of error attainable by the method using different numbers 
of rats per assay are shown in tables 5 and 6 and a direct comparison 
with the increase in weight method is shown in table 8. From these re- 
sults an error of ± 12 to 15% using 60 rats per assay and p at 0.95 is 
quite readily attained. Most of the assays reported here have been 
calculated by the method of variance and covariance of Bliss and Marks 
(’39) to show that they fulfill the requisites of a satisfactory method of 
biological assay. This method of calculation requires the dosage levels 
to he adjusted at equally spaced intervals and that equal numbers of 
rats be used for each level. These requirements are not readily obtain- 
able in routine assays due to deaths of a few rats from respiratory in- 
fections during the course of an assay and the adjustment of the dosage 
level of low potency products. The method of calculating biological as- 
says of a continuous variate type proposed by Irwin (’37), in which a 
system of weighting for numbers of rats on each dosage level is used, 
was employed for a few assays that did not meet the above require- 
ments and in order to check the results obtained bj' the method of Bliss 
and Marks (’39). 

The assays reported in table 6 show the method to be applicable to a 
variety of products. To attain desirable dosage levels with some of 
the products it was necessary to continue the dosing period for more 
than 2 days. There was no evidence that this alteration in technique 
produced results different from the dosing period of 2 day's recom- 
mended for fish oils. The slopes of the dosage response curves obtained 
for products in aqueous medium were not significantly different from 
the slopes obtained for the standard in an oily vehicle. 

The reduction in the error of the method obtained by correcting for 
body weight does not appear to he significant from the results obtained 
in the assays in table 7. In all the assays conducted the rats have been 
assembled on the basis of equal distribution of body weight in each 
group, and variations in weight within the groups on an assay have been 
as much as 50 gm. It appears from the results obtained that the re- 
sponse is independent of body' weight within these limits. Although 
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considerable nnifonnity in depletion time during the primary depletion 
has been observed to occur ^\itbin litters, no attempt bas been made to 
pair off litter mates in the assays due to tbe impracticability of sueli a 
procedure. 

Tbe observation by Hickman et al. ( ’44) that vitamin E augments 
the activity of vitamin A bas been confirmed. Most of tbe evidence 
favors tbe conclusion that tbe tocopberols act as anti-oxidants during 
tbe absorption of vitamin A from tbe gastro-intestinal tract. Hickman 
et al. ( ’44) have shown that tbe maximum effect is produced at approxi- 
mately 0.5 mg. of tocopherol per rat per day. On this basis, a product 
containing vitamin A as well as vitamin E can be assayed quite satis- 
factorily by administering this amount of tocopherol with tbe dosage 
levels of vitamin A to both standard and sample. Tocopherol itself was 
shown to possess no vitamin A activity when administered to a group 
of 20 rats in amounts of 340 mg. per rat. It does not appear practicable 
to prevent errors arising from tbe tocopherol effect by the addition of 
tocopherol to tbe diet because it is readily oxidized in such a dietary 
medium ; also tbe addition of a natural product containing vitamin E 
does not appear feasible because most of them contain significant 
amounts of carotene. Since tocopberols in products assayed for vita- 
min A yield an added biological effect, errors can quite conceivably oc- 
cur in tbe determination of vitamin A activity by the spectropbotometric 
or chemical methods when the results are reported in terms of biological 
activity. Considerable evidence is available indicating that such methods 
do not give reliable estimations of tbe biological activity of the product 
due to the different forms in xvhich vitamin A ma)’’ exist, hence the ne- 
cessity of a precise biological assay method for vitamin A. 

It was disappointing to obtain the relatively low values for the slopes 
of the dosage response curves with tbe accompanying low degree of 
precision in the quantal response method of assay •sho'mi in table 10. 
This method had tbe advantage of being short, and convenient. Pre- 
liminai’y assays using other dosing times wmre tried without any succe.s.'; 
in improving tbe precision of the method. 

SUMMARY 

A method of biological assay of vitamin A and its precursors ba.sed 
on the changes produced in the cellular contents of the vagina of o^au- 
ectomized rats is described. The dosage response relationship vas 
analysed by methods of variance and covariance and shown to le 
logarithmic. The method shows considerable advantage over the in- 
crease in weight method with respect to precision and economy of tune, 
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material and e&rt- Xfce eniirmcement of the luological activity of Yita- 
imn. A tr tacopherole has heea confirmed and a method of overcomms 
this efieck hr the estimaticn. of vitamin A activity is descrihei 
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BOKDEN AWARD IN NUTRITION 


Tlie American Institute of Nutrition will tuake tbis award 
in recognition of distinctive researcL by investigators in tbe 
United States and Canada which has einpha.'.ized the nutritive 
significance of the components of milk or of dairy products. 
The award will be made primarily for the publication of 
specific papers, but the judges may recommend that it be 
given for important contributions over an extended period of 
time. The award may be divided between two or jnore inve.sti- 
gators. Employees of the Boi-den Company are not eligible 
for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute at Cleveland, May 8, l!i4r). To bo eonsidored 
for the award, nominations must be in the hands of the Chaii-- 
man of the Nominating Committee by .Tnnnary l.o, 1045. The 
nominations siiould bo accompanied by sueb data relative to 
the nominee and liis research as vnll fneilitnfe consideration 
for.tlie award. 

Fr.EPrwrK .T. Stare 
fInrynrtJ Mfthfnl fythriol 
Jioftton. ^fn^whiiSf-ttn 

Ctiairmak, XoMiNATjN’n Committee 



MEAD JOHNSON AND COJIPANY 
‘B-COMPLEX’ AWARD 


Nominations are solicited for the 1945 Award of $1,000 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute at Cleveland 
on May 8, 1945. 

The Award will he given to the lahoratorj’^ (non-clinical) 
or clinical I'eseareh worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year .January 1st to December 31st the 
most meritorious scientific report dealing vuth the field of the 
‘ B-complex ’ vitamins. Mliile the award null he given primarily 
for publication of specific papers, the judges are given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may he 
recommended that the prw.e he divided between two or more 
persons. It may also be recommended that the award he made 
to a worker for valuable contributions over an extended period 
hut not necessarily representative of a given year. Jifemher- 
.ship in the American Institute of Nutrition is not a requisite 
of eligibility for the award. 

To be considered by the Committee of .Judges, nominations 
for this award for Avork published in 1944 must be in the hands 
of the Secretary by .Tanuary 15th, 194.5. The nominations 
should be accompanied by such data relative to the nominee 
and his research as aHII facilitate the task of the Committee 
of .Judges in its consideration of the nomination. 

ARTrifP. IT. Smith 

rravttr rvivrrxU)! Cnltrpr of VrdiHnc 
Drirnit, ifirhipno 

.SKrr.F.T.ABA', AMF.P.irAK TSKTITI’TF. or XrTniTIOM 



NOTICE TO CONTEIBUTOES 


The Journal or Nutrition appears monthly for the puhlication of original 
research bearing on the subject of nutrition and occasional reviews of the literature 
dealing with this subject. 


The Journal of Nutrition is the official organ of the American Institute of 
Nutrition organized for the dissemination of scientidc knowledge regarding nutrition. 
The officers of the Institute are, Icic Macy*Hoobler, President ; William C. Rose, Vice- 
President; Arthur H. Smith, Secretary; E. M. Nelson, Treasurer; Genevieve Stearns, 
T. H. Jukes and C. A. Elvehjem, Councillors. 


Preliminary notices will not be accepted. No paper which hw already appeared 
will be accepted nor will simultaneous publication elsewhere be permitted. 


- The paper must be accompanied by an author’s abstract not to exceed 225 woi^ 
in length, which will appear on the advance abstract cards of the Bibliogri^hic Service 
of The Wistar Institute in advance of complete publication. Nothing can be done with 
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Manuscripts and drawings should be sent by express prepaid or by registered 
mail to the Editor, Dr, Georoe R, Cowoill, Yale University School of Medicme, 
333 Cedar Street, New Haven 11, Conn. 

Manuscripts should be typewritten in double spacing on one side of paper 8i X 11 
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copy should be sent. The original drawings, not photographs of drawings, shoula 
accompany the manuscript. When photographs aro used for halftone reproduction 
glossy prints* should be sent. Authors should indicate on the manuscript the approxi- 
mate position of text figures. 


Manuacrlpta and drawings should be submitted in complete and fished f™ ^th 
the author’s complete address. All drawings should be marked ^tb the 
The Wistar Institute reserves the privilege of retun^g to the 
approved manuscript and illustrations which are not m proper fimsbed form for toe 
printer; or, if the author so desires, The Wistar Institute will prepare the Muuecnpt 
aud charge the author the cost of this work. When the amount of tab^r and 
Uvo material is judged to be excessive, or unusually expensive, authors may be 
requested to pay the excess cost. 

The tables, quotationa (extracts of over five lines), and aU other subsidiary ra&tUr 
usually set In type smaller than the text, should be typewritten on separate ^eete ^ 
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(reference numbers onlj), but typewritten continuously on separate sheets, and numbered 
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footnotes, should be put at the end of the text copy. A condeMed U«e for page 

headline, not to exceed thirty-five letters and spaces, should be 

literature should be made in the text by numerals indicating Jear of pobliwtion. 
Authors’ names (foUowed by year, title, etc.) should be arranged alphabetically m a 
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Figures should be drawn for reproduction as line or halftone engravings, unless 
the author is prepared to defray the additional cost of a more expensive fonn of 
illustration. In grouping the drawings it should be borne m mind that, after the 
reduction has been made, text figures are not to 

matter on the page, 5 X 7i inches. Single plates may be 5 X 7i inches, or less. No 
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IJgnws »honia be numbered from 1 up, beginning mth the tert SgMM and 
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A STUDY OF PLASMA ASCORBIC ACID VALUES WITH 

EELATION TO THE TYPE OP DIET USED IN PUERTO 
RICO BY GROUPS OP INDIVIDUATES OP WIDELY 
VARIED ECONOJIIC STATUS 

HAZEL E. MHNSELL, AKA MAHfA CHADKOS 
AND EAM6N M. SUAEEZ 
School of Tropical McdieinCf San Juan, Fucrto Sico 

(Eeceived for publication May 15, 1944) 

The early work of Ashford { ’29) in Puerto Rico and of Rhoads and 
his associates (Castle et ah, ’35), as well as of other investigators 
working elsewhere, has indicated that the sprue syndrome probably 
has its origin in a dietary imbalance of some sort. In connection with 
investigations being carried on at the University Hospital with patients 
exhibiting the sprue syndrome, plans were made to include studies on 
nutritional status with regard to the vitamins. In order to judge the 
Bignificance of these findings it was necessary to make companion 
Btudies with representative samples of the population not suSering 
from sprue. 

As encountered in Puerto Rico, sprue is found in individuals at all 
economic levels of living. The majority of eases come, naturally, from 
the low-income groups and, more especially, from that group having 
less than enough for satisfactory subsistence since it is the most 'numer- 
ous. The companion studies on non-sprue subjects were therefore 
planned to include groups of individuals giving sample populations 
under the two categories : (1) satisfactory income and (2) low income 
or no income. 

During the course of the preliminary work, it became apparent that 
information on dietary habits was essential to an appraisal of the 
results to be obtained and a plan was accordingly made to include a 
record of dietary habits as a part of the study. The investigation as a 
whole included determinations of plasma carotene, vitamin A and 
ascorbic acid concentrations and urinary excretion of thiamine, ribo- 
flavin and factor Ps (Holt and Najjar, ’42). The present report covers 
the Values obtained for plasma ascorbic acid concentrations of non- 
sprue subjects and shows how these are correlated -with the data on 
dietary habits. 
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METHODS AND PEOCEDHRBS 

Determination of plasma ascorbic acid concentration 

Plasma ascorbic acid concentration was _ determined essentially ac- 
cording to the macro method of Parmer and Abt (’34:-’35, ’36) except 
for modifications in volume relations for extracting (Kastlin et al., ’40); 

Five to six milliliters of venous blood were' drawn with a clean dry 
syringe and transferred immediately to a 15 ml. conical centrifuge 
tube containing 1 drop of a 20,% potassium oxalate solution. After 
centrifugation, 2 ml. of tbe clear plasma were transferred to a second 
tube; 2 ml. of water and 4 ml. of 5% metapbospboric acid solution were 
added and tbe tube was centrifuged. Two milliliter portions of tbe clear 
centrifugate were tben titrated visually against a dilute solution of 
2,6 dicbloro-pbenol-indopbenol, care being taken to reach tbe end point 
within 5 to 10 seconds. Blank determinations for tbe metapbospboric 
acid solution were always run parallel to tbe plasma determinations. 
Tbe dye solution was standardized each day against a standard solution 
of pure ascorbic acid. 

At tbe "University Hospital and its clinics tbe blood samples were 
taken with tbe subjects in tbe postabsorptive state. Other subjects, 
who bad eaten breakfast before tbe blood sample was taken, were in- 
structed to omit citrus fruits or other foods containing vitamin C. In 
most cases tbe samples were analyzed immediately. "When- this could 
not be done they were stored in tbe refrigerator as tbe plasma-water- 
metapbospboric acid mixture according to tbe suggestion of Kastlin et 
al. (’40) and Golden and Garfi.nkel (’42). 

Blood samples from many subjects were taken at clinics some distance 
from tbe School of Tropical IMedicine. Golden and Garfinkel ( ’42) re- 
ported that plasma in contact with blood cells might be kept at room 
temperature for as long as 3 hours with only slight loss of vitamin C. 
Our samples were never kept in excess of this time and tbe analyses 
were usually started within considerably less than 3 hours ‘from tbe 
time tbe blood was drawn. 

Selection of subjects 

Subjects having satisfactory income. The first group under tbis 
category was made up of members of tbe staff of the School of Tropical 
Medicine and tbe University Hospital. As most of those selected re- 
ceive a better than average salary for Puerto Eico, they have been 
treated together as one group rather than divided on an exact income 

basis. 
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The second group was made up of members of the staff and students 
in nutrition of the Department of Home Economies at the University 
of Puerto Eico in Eio Piedras. These subjects are of interest as re- 
flecting the effect of nutrition teacddng. 

A third group, representative of the average citizen having sufficient 
income to buy food for an adequate diet, consisted of private patients 
in the University Hospital who came in for checkups or the treatment 
of minor ailments, and volunteers. 

Subjects having a loio income or no income. Four groups are in- 
cluded under this division. Two, groups 4 and 5, comprised individuals 
living in two housing projects of the Puerto Eico Behahilitation Ad- 
ministration located relatively near San Juan. At the first project, 
known as St. Just, each householder has sufficient and suitable land for 
growing food crops ; at the second, called Eio Plantation, there is land 
with each house but it is very poor and not suitable for crops of any 
kind except a few stunted coconut trees. The condition of the people 
at this project is most miserable indeed. 

A third group, group 6, included individuals selected at one of the 
public health centers in San Juan. 

There is a well-directed outpatient department at the University 
Hospital and the subjects in group 7 were selected from the patients 
attending the clinics there. Many of these individuals were sprue cases 
that had recovered and had received a certain amount of instruction in 
regard to diet. 

, Dietary histories 

With the members of the staff of the School of Tropical Medicine 
and the University Hospital, the staff and students of the Department 
of Home Economics at the University, and volunteers, the following 
plan was used for obtaining the dietary history : on the day before the 
blood sample was to be drawn, each individual was given a mimeo- 
graphed form for recording (1) the foods eaten that day, (2) the 
foods eaten at breakfast the day of the examination, and (3) the types 
of fruits, vegetables, salads and other foods included in the diet regu- 
larly. In all otjjgj. oases the personal interview method was used. For 
Ihe groups at the two housing projects and the one group in San Juan 
the records were taken by the nurse in charge. Prom the subjects in 
the University Hospital and its clinics a complete history was taken 
covering not only food habits but all aspects of living that might have 
ony significance in the interpretation of results. 
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BESTJLTS 

Plasma ascorbic acid concentration 

A review of tlie literature indicated that most investigators consider 
a plasma ascorbic acid concentration in the region of 0.8 mg. per cent 
as compatible witb a state of good nutrition but not necessarily of 
saturation. Eenal tbresbold values, indicative of saturation, begin at 
slightly above 1.0 mg. per cent. The range for deficiency is somewhat 
arbitrarily given as beginning at 0.5 to 0.4 mg. per cent, while it is ad- 
mitted by some that a person may have a zero plasma ascorbic acid 
concentration for a long period without clinical signs of scurvy. Clear- 
cut symptoms indicative of a chronic deficiency of the .vitamin are still 
to be described, although reference is frequently made to sore and 
bleeding gums in this connection. 

The values obtained for the plasma ascorbic acid concentration of 
the individuals in the seven groups were summarized according to 
ranges selected on the basis of these considerations and are presented 
in table 1. The range 0.50-0.79 mg. per cent was used to avoid a too 
sharp demarcation between the level generally taken as indicative of 
deficiency and that accepted as implying good nutrition. The use of a 
single figure for the transition point might have led to an incorrect 
classification of subjects with values close to this figure. In such cases 
more than one determination would be required to give the exact classi- 
fication, a procedure outside the scope of this investigation. 

In presenting table 1 attention is called especially to the similarity in 
the distribution of values for group 3 in the satisfactory income cate- 
gory and group 7 in the low income category. The first group, repre- 
senting individuals Avith sufficient money to buy what they needed for 
good nutrition, gave nearly as many values in the low range as the 
second group having insufficient income for adequate food or any other 
essential commodity. 

Dietary habits 

The detailed data on dietary habits were analyzed on the basis of 
types of foods listed as common items in the diet. There were certain , 
pronounced differences in the pattern diets for the seven groups that 
are of interest 


(1) Foods oilier than fruits and salads 

For those in the satisfactory income category rice and beans was a 
common item in the diet except for the individuals of group 2. Vege 
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tables of tbe starchy variety such as plantain and yautia were used 
frequently by all. Other types were listed fregnently but not by al]. 
Individuals in groups 2 and 3 bad plenty of meat, millq eggs, butter 
and cheese. These items were listed less frequently by group 1. 

For the four groups in the unsatisfactory income category eondh 
tions relating to diet were varied. At the -St. Just project, group 4, 
five of the children ate at the nursery and received rice and beaus, 
starchy vegetables, and crackers often; cheese, butter, tomatoes and 
string beans once in a while. The other children ate at home with their 
families, and ate a diet which included chiefly rice and beans, starchy 
vegetables, codfish, and coffee with milk. Meat was eaten not more 
ihan once a week. At the Rio Plantation, group 5, all of the children 
received food at the school lunch room. The menu included evaporated 
milk, bread, rice and beans, codfish or canned beef once a week, eggs 
‘ once a week, a starchy vegetable daily and some other vegetable, fre- 
quently canned, served as salad. The diet of the adults eating at home 
was similar to that for group 4 except that they bad less food, the cbifee 
was taken black, and meat was almost never eaten. The diet for group 
6, individuals selected by a social service worker in Sah Juan, was 
similar to that of group 5 while the members of group 7 had a some- 
what better diet, more like that of group 4. 

(2) Fruits and salads 

The data for intake of fruits and salads were definitely related to 
the plasma ascorbic acid values and were summarized on that basis. 

For the range 0.00-0.49 rag. per cent: Individuals of the three satis- 
factory income groups as a whole ate veiy little fruit. The children in 
groups 4 and 5, who ate at the nursery or the school lunch room re- 
ceived fruit or fruit juice once in a while. The other individuals in the 
four unsatisfactory income groups apparently ate almost no fruit. 

For the range 0.50-0.79 mg. per cent : The use of fruit was reported 
occasionally by the members of groups 1 and 2 and frequently by 
group 3. Fruit juices were listed by members of group 3 as used fre-' 
quently but were usually canned pear juice or canned peach juice. .The 
children in groups 4 and 5 received, fruit or fruit juice occasionally as 
mentioned above. The adults in group 4 of this range reported the use 
of salads. The one adult in group 5 was the janitress at the Public. 
Health unit who included in her diet regularly a vegetable other , than 
a starchy one or tomato soup. Individuals of group 7 reported the oc- 
casional use of fruit, chiefly oranges, grapefruits or bananas according 
to the price. ' 
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For the range 0.80-0.99 and above ; Practically all individuals bav- 
ing a plasma ascorbic acid concentration greater than 0.80 mg. per cent 
reported tlie regular use of citias fruits while they were in season and 
the frequent use of salads. 

DISCUSSION 

Plasma ascorbic acid concentration 
In this investigation plasma ascorbic acid values were determined 
for 366 subjects. Of these, 161 comprised a group with sufficient in- 
come to enable them to have an adequate diet. Of the remaining 205, 
some bad sufficient income for no move than a subsistence diet while 
(he majority had little or no income. Of the 161 subjects, 43 or 26.7 % 
had plasma ascorbic acid values within the range 0.00-0.49 mg. per cent 
ssnd of the 205 remaining subjects, 169 or 82.4 7o came within this range. 

Al! of the subjects studied were following their usual mode of liv- 
ing and there is no reason to believe that additional determinations, 
previous to or subsequent to the one made, would have given values 
differing from it by a significant margin. 'SYith the exception of the 
two groups made up of the members of the staff of the School of Tropi- 
cal Medicine and University Hospital and the members of the staff and 
students of the Department of Home Economics at the University, all 
subjects were either patients under a doctor’s care or who had been 
seen by a public health nurse or doctor at a clinic. As far as is known, 
none of them had been diagnosed as having symptoms of scurvy. Cer- 
tainly none of the subjects in the two groups noted above, as excep- 
tions, had any of the symptoms usually associated with scurvy and 
only one individual complained of bleeding gums. 

A check on the question of the presence of subelinical symptoms of 
scurvy was obtained through the examination, by one of the authors 
(S), of all members of one group for signs of nutritional deficiency. 
These individuals, group 5, had been judged to be in the poorest condi- 
tion nutritionally of all of those studied. Although many of these sub- 
jects had signs characteristic of nndernnlrition, none showed signs of 
perifollienlar hemorrhages. There were no cases of eohymosis or pur- 
Pnra and only occasional signs of gingivitis. In other words, there were 
no symptoms of scurvy or of severe vitamin C deficiency unless we 
accept as a symptom pyorrhea and loss of teeth from a poor condition - 
of the gums.” These were of frequent occurrence. There were several 
individuals with almost perfect sets of teeth and several with only one 
or two teeth missing from sets that showed practically no decay thus 
presenting contradictory evidence. 
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In the presentation of the results obtamed for plasma ascorbic acid 
concentration a brief discussion is given of the more or less generally 
accepted concept of the sta,te of vitamin C nutrition in relation to ibis 
factor. In their excellent paper on chemical methods for determining 
vitamin C deficiency Kastlin et al. (’40) go so far as to describe a 
plasma ascorbic concentration of 0.70-0.4 mg. per cent as indicating a 
mild deficienc}^ of vitamin C and anything less than 0.40 mg. as associ- 
ated rvith a state of severe deficiency. 

In view of the evidence obtained with subjects in Puerto Rico there 
seems to be justification for asking w^hat is meant by a mild deficiency 
of vitamin C? A severe deficiency of vitamin C? The further question 
is also raised : Are present methods for determining vitamin C require- 


TABLE 2 


TJie effect of administration of ascorbic acid on the plasma ascorbic acid conccnlration. The 
administrations began after the initial value of 0.10 rag. % had been obtained on March 2ni. 

PATE 

r.r,A,=,rA ..scounre AO.n ASCOr.BIC ACID suTPLOnEKT GB-EX dailv_ 

COKCEN’TRATIOX From- To Amount 


mn. cj. 

dates 

mg./dan 

March 2 

0.10 

March 2-10 

m 

March H 

0.31 

March 11-24 

50 

March 25 

0.56 

March 25-April 21 




(except D da.vs) 

50 

April 22 

0.44 

April 22-May 5 

50 

Mar 6 

0.53 

May 6-20 

50 



Ma.r 23-26 

50 

May 27 

0.43 

May 28- June 9 

100 

Juno 10 

0.98 

.Tune 10-23 

100 

•Tune 24 

1.37 

.Tune 24-July 21 

00 

July 23 

0.27 





ment either sound or adequate? It would seem that answers to these 
questions can be had only thi'ough more complete and extensive studies, 
than have yet been made, of subjects having plasma ascorbic acid 
values in what is now commonly described as the deficiency or near- 
deficiency range. 

Further support for the justification of these questions wms given J 
additional data collected during the course of the present study 
one of the subjects, a clerk at the School of Tropical Medicine. On e 
first examination this man showmd a plasma ascorbic acid concen ra 
tion of 0.10 mg. per cent. Pollowdiig the examination he was given a 
daily supplement of ascorbic acid over an extended period and plasma 
ascorbic acid determinations were made periodically with the resu s 
shown in table 2 . 
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While leceiviDg the supplements Ms plasma ascorbic acid concentra- 
tion gradually increased to 1.37 mg. per cent but during the month fol- 
lowing discontinuance of the supplement the concentration fell to 0.27 
mg. per cent. This man, although small and underweight, is vigor- 
ous and healthy. His teeth are in good condition and there has been 
only one extraction and a few minor fillings. The mainstay of his diet 
is rice and beans and he eats little if any fruit. 

Animals for e.xperimental work are maintained in an adequately 
equipped animal house close by the School of Tropical Medicine. Un- 
der the conditions at hand blood samples for vitamin C analysis 
could be readily obtained from several species of animals and it seemed 
of interest to obtain these data in the belief that they might have a pos- 
sible bearing on the question of plasma ascorbic acid coneenti-ation as 
an index of vitamin C deficiency. The values are given in table 3 . 


TABLE 3 

fiscnrik acid raJf/es for different mammalian species. 


AKOfAt 

PLASMA ARCOTtWC ACIT> 
rOKOCNTItATIOV 


mo Co 

Dob 

0.25 

Goat 

0.46 

Guinea pig 

0.50 

Hotsc 

0.46 

^fonl£c>T 

0.41 

Rabbit 

0.41 


Without e.vccption alt values fall within the deficiency or near de- 
ficiency range described for man. All of the animals from which blood 
samples wore taken were receiving what was believed to be an adequate 
diet and were healthy in all obvious respects. Unle.ss we wish to assume 
that the plasma ascorbic acid concentration indicative of good nutrition 
is higher for man than for other species of animals these results seem 
also to justify raising the question of ivhat, if any, level of plasma 
ascorbic concentration may be taken as indicative of vitamin C defi- 
ciency. 

Dietary habits 

In Puerto Eico the dietary pattern is fairly uniform for the entire 
population ; any modification is a result of insufficient income. For the 
well-to-do a breakfast consists of juice, cereal, eggs, bread or crackers, 
and coffee ivith milk. The main meal of the day includes soup, salad, 
meat, vegetables, rice and beans, and possibly a “dulce” or other do.s- 
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sort. Eice and beans are served by the wellrto-do, even tbongb they mav 
not be eaten, and are simply returned to the kitchen to be consumed 
by the servants. 

Among the people, as a whole, there is a preference for canned 
fruit juices such as apple, pear, peach, and prune juices, and apricot 
nectar, none of which are produced in Puerto Eico. Pears and apples 
are also considered among the choice fruits. This seems a little para- 
doxical in view of the fact that oranges, grapefruits, and pineapples 
are among the important crops of the Island. Many other fruits, rich in 
mtamin C, grow in Puerto Eico and might be grown in abundance. 
Salad vegetables, such as lettuce, tomatoes, peppers, cucumbers, and 
watercress are also major crops. In spite of this, canned asparagus, 
canned beets, canned peas, and canned green string beans are all too' 
often used as the prime ingredients in salads. 

When money for food is amt adequate, fruit and salads are among 
the first items omitted from the diet. Breakfast is reduced to bread 
or crackers and coffee with milk. In the main meal, soup may still 
persist and may include most of the vegetables in the menu, except 
the starchy ones. Served in this manner, the vegetables have lost what- 
ever vitamin C they may have had. The starchy vegetables are usually 
peeled aiad boiled, which laieans that they have lost much of their 
nutritive values. Eiee and beans become a dish of major importance ; 
meat is often replaced ■with salt codfish. 

In the last extremity, the breakfast is reduced to crackers and coffee, 
which is usually black. There is only one other meal in the daj’’, that 
eaten late in the afternoon. The items from which this is selected are 
I’iee and beans or luce alone, a boiled starchy vegetable or plaintain, 
and salt codfish. 

From this brief survey it should be readily apparent that vitamin C 
is among the first of the nutrients to be reduced in amount in the diet 
of the Puerto Eiean when money for food becomes inadequate. 

SUMMARY 

Plasma ascoihic acid determinations have been made for a total of 
366 subjects, all citizens or loiag-time residents of Puerto Eico. These 
subjects were selected on the basis of seven groups of not less than lift} 
individuals each according to the income categories: (1) satisfactoij 
income aiad (2) low income or no income. Information on food eaten 
■ the day preceding the examinatioai and on dietary habits, in general, 'wns 
also obtained. 
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The data from each of the seven groups rvere summarized ou the 
basis of ranges for plasma ascorbic acid values usually accepted as 
indicating (1) severe deficiency of vitamin C, (2) near deficiency, (3) 
satisfactory nutrition, and (4) good nutrition. 

Of the 366 subjects examined, 212 or 57.9%, had plasma ascorbic acid 
concentration values in the severe deficiency range. The high percent- 
age of values in this range from one of the satisfactory income groups 
is emphasized as indicating that low income is not the only cause of 
vitamin C undernutrition. 

The information on dietary habits reveals a close correlation be- 
tween plasma ascorbic acid concentration and the presence of fruits 
and other vitamin C-rich foods in the diet. 

The relation of level of plasma ascorbic acid concentration to defi- 
ciency of vitamin C and the requirement of this vitamin is discussed. 
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Dietary anemia in the pigeon has been studied previously by several 
investigators. Barlow (’27, ’30) observed an anemia in pigeons fed 
polished rice ; be attributed this to the result of inanition, which compli- 
cated the vitamin Bj deficiency. Damesbek and llyerson (’40) used a 
ration of polished rice supplemented with 50 ng- of thiamine per bird 
daily. The anemia that developed in these pigeons responded to the 
administration of yeast concentrate or relatively crude liver extract, 
hut a highly purified liver extract gave only partial cures. Extensive 
studies of pigeon anemia have been made by Hogan, Richardson, John- 
son and Nishet ( ’40) , and Lee and Hogan ( ’42) , using a purified basal 
ration deficient in the vitamin B-complex but supplemented with crys- 
talline thiamine. These investigators reported that for complete re- 
covery of both hemoglobin levels and body weight three different crude 
fractions are required: a fuller’s earth adsorbate of rice bran extract, 
a fuller’s earth adsoi-bate from crude liver extract, and the liver filtrate 
fraction. 

The present study was undertaken with the object of obtaining fur- 
ther information on the nature of the unknown factors required for 
hemoglobin formation in the pigeon. 

METHODS 

Pigeons bred for racing were used although some birds of mixed 
breed wore included. They were housed in individual wire cages fitted 
with one-half inch mesh screen. 

In a preliminary experiment, a group of 10 pigeons was fed polished 
rice, supplemented with salt mixture (XJ. S. P. no. 1) 0.1 gm. per day, 
Labeo casein 1 gm. per day, cod liver oil 0.1 ml. per day, and cottonseed 
oil 0.3 ml. per day. The supplements were administered in gelatin 
capsules. In all subsequent experiments a purified diet similar to that 

'Present address: Sanitary Corps, U. S. Army 
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of Hogan and co-workers was used. The diet fed had the following 
percentage composition: casein (Lahco) -20, sucrose 73, salt mixture 
(U.S.P. no. 1) 4, and cottonseed oil 3. U.S.P. cod liver oil was- given 
once weekly by capsule, 0.8 ml. per bird. The basal diet and water 
were kept before the pigeons at all times; no grit. or other material 
was given. 

Blood samples were taken at weekly intervals from one of the small 
peripheral wing veins. Acid hematin solutions were prepared for 
estimation of hemoglobin ' by the method of Schultze and Elvehjem 
(’34). The colorimetric readings were made in a Klett-Summerson 
photo-electric colorimeter (filter no. 42) which had been standardized 
■with a series of blood samples of which the hemoglobin contents were 
obtained by the oxygen capacity method of Lundsgaard and kidller 
(’22). In the earlier studies weekly erythrocyte counts ■were also'made 
Avith Hayem’s fluid as diluent. 


BESUIiTS 

Normal levels of hemoglobin and erythrocytes ■ 
in pigeon blood 

In the majority of the pigeons the original hemoglobin values ranged 
from 14 to 18 gm. per 100 ml. The erythrocyte levels for 30 pigeons 
were from 2.98 to 4.16 million per cu. mm., with an average value of 3.65 
million. 


Preliminary experiments with a polished rice ration 

A group of 10 pigeons, 1 to 9 years in age, were fed j)61ished rice 
supplemented with casein, salt mixture, cottonseed oil, and cod liver 
oil as described above. In accordance ■with the. technique of Hogan et al. 
( ’40), none of the vitamins of the B-complex were given for the first 30 
days of the experimental period; during this time the weights of the 
pigeons decreased 26 to 36%. At this point 5 birds were fed 50 pg. of 
thiamine per day, whereas 5 received a daily supplement of 50 [Jg. thi- 
amine, 60 pg. riboflavin, and 30 pg. pyridoxine. In 8 of the 10 birds the 
hemoglobin and erythrocyte levels decreased during the first 40 days. 
The average fall in hemoglobin was 81%, and in erythrocytes 85%. 
However, very surprisingly, within 1 or 2 weeks after the adininistia- 
tiqn of thiamine was begun, either alone or in combination with ribo- 
flavin and pyridoxine, hemoglobin and red cells began to fise^ rapid } 
toward normal levels. Most of the weight lost was also regained,, a - 
though at a somewhat slower rate. In none .of the pigeons was there 
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any further fall in hemoglobin. Although the experimental period was 
extended to 167 days, the blood levels remained normal and the body 
weights were maintained well throughout the period of studj'; 

Since anemia was not maintained under these conditions, probably 
bec'anse of the polished rice in the ration, the diet was modified ac- 
cordingly. 


Production of anemia with a purified diet 

Experiment no. 1. The use of the purified diet described above, 
proved to be successful in inducing anemia. Twenty pigeons were fed 
this ration; 5 were given 50 ug. of thiamine each per day. The remain- 
ing pigeons were given 50 pg. thiamine, 60 pg. riboflavin, and 30 pg. 
pyridoxine per bird per day. The majority of the surviving birds de- 
veloped a significant anemia (arbitrarily chosen as 11 gm. or less, 
hemoglobin per 100 ml. of blood) within 126 to 140 days. The hemo- 
globin values at the low point of the anemia, before treatment, wore 
from 6.5 to 10 gm. per 100 ml., with an average value of 7.9 gm. per 
100 ml. 

Experiment no. 2 . In an effort to obtain more rapid development of 
anemia in a group of 19 pigeons (birds nos. 31 to 49), the purified diet 
described above was supplemented with 50 pg. of thiamine daily after 
a depletion period of 4 w’oeks. This technique proved very satisfactory. 
Of the 16 birds which survived for an extended period 14 developed 
anemia (10 gm. hemoglobin or less per 100 ml.) within 60 to 123 days 
(with an average of 90 days) ; thus 74% of the pigeons placed on the 
experimental regime became anemic. 

When a level of 8 to 10 gm. of hemoglobin per 100 ml. was reached, 
the bird was treated with various preparations to determine the effect 
on the hemoglobm concentration. In some cases riboflavin and pyri- 
doxine were administered in addition to thiamine for a period of 2 to 4 
weeks before the administration of test preparations. This addition 
of riboflavin and pyridoxine did not cause an increase in the concentra- 
tion of hemoglobin. 

The development of the anemia and effect of treatment is shown for 
a representative group of pigeons in figure 1. A dose of rice bran 
concentrate' of 1.0 ml. per day was found to cause a rapid increase of 
hemoglobin (pigeon 43), while doses as low as 0.25 ml. gave responses 
in some birds (pigeon 36). A rice bran eluate, prepared by the method 

*Vitab lUce Bran Conoentrate, obtained from the National Oil Products Company, Har- 
rison, N. J. 
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of Lepkovsky, Jukes and Krause (’36), was tested on a number of 
birds. One ml. of the eiuate represented 2 ml. of original rice bran 
concentrate. This material was effective in inducing hemoglobin pro- 
duction, as indicated by pigeons 43 and 47, figure 1. However, the 
amounts, required were considerably larger than for the original ex- 
tract. It was found that the elevation in hemoglobin levels produced 



Fig. 1 Hemoglobin values for 5 pigeons in experiment no. 2. All birds received 50 MS- 
thiamine per daj. Four of the birds received daily supplements of riboflavin and pyridoxine 
from the time indicated by the symbols B, (riboflavin) and B, (pyridoxine), the numbers be- 
low indicating the daily dose. The therapeutic materials administered were rice bran con- 
centrate (B. Br. C.), rice bran eiuate (B. Br. El.), choline, filtrate factor (F. F.) and yeast 
extract no. 1. The upright arrows (f) indicate the points at which the administration of the 
various supplements wa% begun, while the immediately following inverted arrows (.{,) indicate 
the withdrawal of the supplement. The figures below the symbols indicate the daily dose. 

by 2 weeks of treatment was jiroportional to the dose over a considei- 
able range. The average increases in hemoglobin in 2 weeks produced 
by daily doses of 0.375, 0.75, 1.5 and 3.0 ml. of the rice bran eiuate were 
0.0, 1.9, 2.4 and 4.3 gm. of hemoglobin per 100 ml. of blood, respectively- 
Two pigeons were used for the 1.5 ml. dose, 3 to 5 for the other levels. 
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Preliminary experiments witli a yeast extract were also made on 
these pigeons. Dried yeast’ rvas extracted with 25% alcohol and the 
extract was concentrated in vacuo. The final volume was adjusted so 
that 1 ml. represented 1 gm. of yeast (Yeast Extract no. 1). The com- 
parative effects of small and large doses of this preparation are shown 
in the curve for pigeon 49, figure 1. It is seen that 4.0 ml. given daily 
for 1 week produced a very large hemoglobin response, an increase of 
12 gm. of hemoglobin per 100 ml. of blood being attained in 6 weeks. 
At a later date a daily dose of 0.5 ml. of the same extract was given to 
this pigeon for 2 weeks and this elicited a slightly lower hemoglobin 
increase (3.7 gm.). Further experiments with other pigeons confirmed 
the activity of this yeast extract in stimulating hematopoiesis (see 
experiment 3). 

To determine the activity of other vitamin B-complex factors a 
number of the birds, after 100 to 160 days on the experimental ration, 
were given a daily supplement containing thiamine 50 ug., riboflavin 
100 pg., pyridoxine 50 pg., pantothenic acid 200 pg., and nicotinic acid 
(niacin) 1000 pg. per pigeon. In most birds this dietary supplement 
produced little or no effect on hemoglobin concentrations and demon- 
strated that the anemia was not primarily due to a lack of any of these 
five sjuithetio factors. 

Experiment no. 3. In order to keep the birds in good general condi- 
tion and to produce a more specific deficiency of the anti-anemia sub- 
stance, the following plan was used: A group of 36 pigeons was fed the 
basal vitamin B-oomplex-free purified diet given above, with no ad- 
dition of any of the B factors for the first 3 weeks. At this point, 
supplementation was begun with 50 pg. of thiamine per pigeon per day. 
After an additional 4 weeks, riboflavin, pyridoxine, calcium panto- 
thenate, and nicotinic acid, in the amounts given in the preceding 
paragraph, were fed in addition to the thiamine. This supplement was 
then continued unchanged for the remainder of the experiment. 

The 36 pigeons placed on the experiment had an initial hemoglobin 
level of 15 gm. per 100 ml. of blood, or higher. There was a rapid fall 
from this level during the first 7 weeks while the birds received none 
of the B factors other than thiamine. After 7 weeks, the hemoglobin had 
fallen to levels of 12.0 gm. per 100 ml. or lower with a range of 8.5 to 
12.0 gm. in 23 of 34 surviving birds. 

In most of the pigeons there was a cure of anemia lasting for several 
weeks after the administration of the complex supplement containing 


•Puie dDlijarotca yeast, NoTtlmesteiu Toast Company, Cliicago, III. 
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Fig. 3 Hemoglobin and body weight levels in experiment no. 3. The vitamin B-coraple.v 
supplement was the same as in figure 2. The 1.0 ml. dose of liver filtrate contained 400 mg. 
of solids. 
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TABLE 1 

Uemoglohin regeneration with liver jiltrate preparation. 

All pigeons were given a dailg dose of 1,0 ml., containing 400 mg. of solids. 
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Body weight changeR 

In general, there was little correlation between body weight levels 
and the state of anemia. Following the period of increased hemoglobin 
production induced by changing the basal vitamin supplement from 
thiamine alone to the five synthetic factors, in most birds the liemo- 
glohin levels began to fall fairly rapidly, starting usually some time 
from the eightieth to the hundredth day. During this period of declin- 
ing hemoglobin levels the body weight either increased (birds 52 and 
56, flg. 3), or remained approximately constant, as in pigeons 61 and 
70 (flg. 2) or pigeons 59 and 68 (flg. 4). 

The treatment of anemic pigeons with daily doses of 100 to 200 mg. 
of liver concentrate powder, although effective in raising hemoglobin 
levels, in most eases had little or no effect on the body weight. This is 
shown well in the curves for pigeons 24, 59, 68 and 77 (fig. 4). In con- 
trast to this, a 2.0 ml. daily dose of rice bran concentrate in every case 
produced a 20 to 50 gm. increase in weight during a 2-week period, 
oven though this amount of material supported increased hemoglobin 
levels in only part of the birds. This is shovm in figure 2, pigeons 61 and 
70 and in figure 4, birds 59 and 77. These results, along with similar 
findings on other birds, suggest that there are at least two deficiencies 
in the basal ration supplemented with thiamine, riboflavin, pyridox- 
ine, nicotinic acid, and pantothenic acid; that is, an anti-anemic factor 
and a weight-promoting factor. 

Symptoms of nevrornuscitlar dysfunction 

In a number of birds after a period of 150 days or longer on the 
deficient ration a state of incoordination developed. The affected 
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birds were ataxic, i.e., tottered when trying to walk and were unable 
to fly. Muscular tone was normal, since this condition appeared in 
birds that were plump as well as those that were emaciated. ' Occasion- 
ally one of the affected birds was observed to have a convulsive attack 
lasting for about a minute. Following the convulsive episode, the mus- 
cles' were relaxed. Large doses of thiamine were ineffective in prevent- 
ing the convulsive seizures. Most of these bird's were treated with 
large doses of 3 mast extract, rice bran concentrate, or liver extract as 
• soon as the symptoms were observed. Despite, this therapy the af- 
fected birds invariabty died, usually within 2 to 4 days. ■ . , 

DISCUSSION 

The prompt response of anemic pigeons fed. a vitamin B-complex 
deficient purified diet to vitamin complex extract from yeast, liver, 
and rice bran demonstrates the existence of a nutritional anti-anemic 
factor for the pigeon. Several considerations support this view. One 
of these is the very rapid increase in hemoglobin levels as the result 
of yeast or liver extract therapAL An increase of 3 to 5 gm, of hemo- 
globin per 100 ml. in 1 week is usually obtained with an optimum dose 
of an active extract. The fall in the hemoglobin level after the with- 
drawal of the active supplement is frequently almost as rapid as the 
previous increase. In addition, it may be noted that the factor respon- 
sible for the increase in hemoglobin level has very little relation to 
maintenance of body weight in that frequent^ pigeons continue to gain 
in Aveight Avhile the red blood cell and hemoglobin values are falling. 
LikeAvise, doses of liver extract suflSciently large to produce satisfac- 
tory hemopoietic .stimulation as a rule induce little or no increase in 
body AAmight. The data suggest that pigeons require, in addition tp 
the unknoAvn anti-anemia factor, a weight restoration factor. 

It has not been possible to identify the anti-anemic agent Avith any 
of the known members of the Adtamin B-complex. In addition to the 
vitamins in the basal diet, p-aminobenzoic acid and inositol have been 
ruled out by therapeutic trial. No experiments were carried out Awth 
crystalline biotin or “folic acid.” • _• 

One must consider the possible similarity of this anemia of pigeons 
Avith that described in chickens by Hogan and Parrott (’40) though 
tliere may be some differences in behavior of the active principle. In 
the present study yeast extracts have been very effective in promoting 
blood formation, Avhereas 4% of acid-hydrolj^zed yeast -was used in the 
anemia-producing diet for the chickens. A further point of diffeienee 
is that the chick anti-anemic substance is adsorbable on fuller’s ear i 
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at pH 1 , while it has been found that the pigeon factor in liver extract 
is very poorly adsorbed on fuller’s earth at pH 4.0. It is possible, of 
course, that this disshnilarity in adsoi'ption may to some extent be 
due to the difference in pH. Pfiffner and coworkers ( ’43) have recently 
reported that the chick anti-anemic factor is identical with Williams’ 
“folic acid.” 

The possible relation between this anemia of pigeons and that of 
certain dietary anemias in mammals may also bo considered. Anemia 
which is normocytic, or in a few cases macrocytic, has been produced in 
.several species fed diets lacking the filtrate portion of the vitamin 
B-complex. Thus Pouts, Helmer and Lepkovsky (’40) found that 6 
of 7 dogs lacking filtrate fraction developed a moderate anemia tend- 
ing toward the macrocytic tj'pe. Chick et al. (’38) have reported a 
normocytic anemia in hogs deprived of filtrate factor. Likewise, Wills, 
Clutterbuck and Evans ( ’37) produced a macrocytic anemia in mon- 
keys fed a deficient diet composed of natural foodstuffs and they 
found that the curative factor in yeast remained in the filtrate upon 
treatment with fuller’s earth. 

Thus, the similarity in adsorhability and the connnon distribution 
in yeast and liver extracts sugges't that the anti-anemic agent in the 
filtrate fraction of the B-eomplex active in pigeon anemia may bfe the 
same as that reported active in chick and mamnmlian anemias. 

SUMMAKV 

A severe anemia develops in pigeons maintained on a purified ration 
.containing thiamine, riboflavin, pyridoxine, nicotinic acid, and calcium 
pantothenate, but lacking other members of the vitamin B-compIex. 
The hemoglohin levels may be restored to normal by administering 
extracts of yeast, of liver, and of vice bran. The anti-anemic agent in 
a solution of liver extract remains in the filtrate upon treatment with 
fuller’s earth at pH 4.0. 

Evidence is also presented to demonstrate that a second or weight- 
restoration factor is required by the pigeon. 
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The samples were washed, wiped with clean towels and cut into 
small pieces which were then mixed. Portions for the cooked and raw - 
samples were weighed immediately, the sample for cooking being- 
weighed' directly into the dish in which it was cooked and dried. The 
Chinese custom of using fat in cooking was omitted to avoid extraction 
before analysis. The foods were cooked with a small amount of distilled 
water until they approximated the ‘‘doneness” at which they are ordi- 
narily eaten. The green leaves require 5 to 10 minutes, turnip and 
white gourd about i- hour. Soybeans were grorrnd, as they are when 
used in soybean cereal flour mixtures in North China, sufficient 1% 
bicarbonate solution wms added to make a paste, and the mixture then 
steamed over water. The practice of removing the tough outside layers 
of the stems of rape and kan Ian ts’ai was followed. Cooking water 
was not discarded and all samples Avere dried under vacuum at 40°C., 
after which they were pirlverized in a mortar. Since the other vege- 
tables contain little fat, they were analyzed Awthout extraction with 
ether, which was necessary wdth soybeans. In the analyses, the method 
of "William and Olmsted ( ’35) was closely followed. 

BESrLTS AKD DISCUSSION 

Except for the di'ied seeds all of the foods studied had high moisture 
contents, ranging from 82 to 96%, with the majority above 90 (table 1). 
For this reason the total fiber of these foods represented only 0.4 to 
1.8% of the wet weight, for both rarv and cooked samples, although on 
the dry weight basis the values ranged from 8.5 to 19.2%. Significant 
amounts of complex carbohydrates were not found in rice, which evi- 
dently had been highly polished ; the amounts in millet compare with 
those in the other foods on the wet basis, but are a much smaller frac- 
tion of the dry weight; soybeans had a much higher concentration on 
the wet basis and near the average of the amounts in the other foods 
on the di'y basis. 

The three samples of rape showed differences in total complex carbo- 
hydrate content wffiich seem attributable principally to variations in the 
cellulose and water present. The tivo samples of mustard also showe 
differences in complex carbohydrate composition and water content. 
The differences between the fiber contents of samples of the same oo 
are small in comparison with the variations found in other food com- 
ponents, oAving to degree of hydration, age, stoi’age conditions, species 

and soil conditions. _ . 

On the wet basis lignin was found in amounts ranging from less 
six hundredths (0.06) to 0.5%, howmver, 1.4 to 3.2% of the dry ma 
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Altlioiigli numerous publications have a]ipeared, a compilation of pub- 
lished (lata shows that there I’emains a considerable variation in sug- 
gested requirements for the ascorbic acid saturation of normal adults, 
linch of the variation is due to tlie fact that scvoral methods of measur- 
ing saturation requirements have been nsed. Those methods have in- 
cluded a plasma ascorbic acid method, urinary responses to ascorbic 
acid in test doses, and “utilization” or “retention” values of the vita- 
min. Due to the fact that most of these methods are very time consum- 
ing, a rather small number of subjects has been studied. 

Using the criterion of a urinary response to a test dose of ascorbic 
acid given after the subject has been maintained on a controlled diet 
at a definite level of ascorbic acid intake, Belser, Hauck, and Stondek ? 
(’39) studied 7 adults, reporting their requirement for l)ody saturation 
to be from 1.0 to 1.0 mg. per kg. of body weight ; Todhuntcr and Robbins 
( ’10) studied 3 adults by the same method, reporting their requirement 
for saturation to be 1.6 to 1.7 mg. per kg. per day. The period on a con- 
trolled diet followed a saturation period in which the subject was given 
massive doses of ascorbic acid to insure saturation of the body tissues. 
In these studies the lowest response to the 400-mg. test dose after 
known saturation was used ns the criterion for saturation for a subject. 
Since most of these responses were 50% or more of the 400 mg. intake, 
most later studies use the 50% level as their standard, and it is taken 
as the criterion for saturation in this paper. 

Using urinary responses to the test dose and also ascorbic acid levels 
in the blood, Storviok and Hauek ( ’42) reported data on 5 subjects. The 
amounts of ascorbic acid necessary for tissue saturation (using the 50% 
level of urinary excretion) for these subjects were 1.33, 1.32, 1.34, 2.85 
and 1.51 mg. per kg. of body weight. 

•rrom a dissHtation presented to the GraaoJite School of the Virginia Polrtechnic Iiishtotc 
hr Alice B, Kline in parti.al fulfilimcnt of the leqnircments for the M. S. degree. 
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Urine collections were made only' during the 24-hour periods pre- 
ceding and following the test dose. Since conclusions on saturation 
are drawn only from the urinary response to test doses, daily analyses 
of urine were omitted in Order to permit the study of more subjects. 
Analyses were made by the same method used for the foods (Thoi-hton 
’38). 

Bach experimental period consisted of a 5-day saturation period 
followed by 6 days on the experimental level. During the saturation 
period 200 mg. of crystalline ascorbic acid ^ was given each subject fo)' 
4 days. On the fifth day a 400-mg. test dose was given and if 50% or 
more of the total intake for that day was excreted, in 24 hours, the 
subject was considered saturated. On the fourth and fifth days of the 
saturation period the subjects ate the controlled diet containing ap- 
proximately 16 mg. of ascorbic acid but for the first 3 days of the period 
the diet was not controlled. If the subject was saturated she was con- 
tinued on the controlled diet and the experimental level of ascorbic acid 
was begTin. This was continued for 6 days. On the seventh day the 400- 
mg. test dose was again given and if 50% of the 400 mg. appeared in the 
urine, it was considered that the level of the pre'sfious 6-day intake had 
been sufficient for the subject’s saturation needs. All crystalline supple- 
ments were given at breakfast in water which was colored and flavored 
to resemble orange juice. Since a range of 1.0 to 1.95 mg. per kg. had 
been found required for most of the individuals studied, a level of 1.8 
mg. per kg. was used for the first period in the present study. If the 
subject was saturated on this level, 1.4 mg. per kg. was given next. 
If a subject was not saturated at this level it was assumed that her 
requirement for saturation was between 1.4 and 1.8 mg. jDer kg. How- 
ever, if a subject was not saturated at the 1.8 mg. level she was put on an 
intake of 2.2 mg, per kg. If a subject was saturated at the 1.4 mg. level 
she was continued on a lower level. Thus, the saturation requirement 
for any individual could be found by a con^inuation of the above process, 

RESULTS AND DISCUSSION 

All 9 subjects ivere put on the saturation level at the beginning of the 
experiment but all did not become saturated during this 5-day peiioi - 
It was interesting to note that out of the 5 subjects who did not exciete 
as much as 50% of the test dose, 4 were individuals who had not been 
habitual in coming to breakfast previous to the study. Since the clue 
source of vitamin C for the day Avas usually served at breakfast, le 

’ Acknowledgment is made to Hoffman LaRoche, Inc. for a generous supply of ciystall 
ascorbic acid. 
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reason for the lack of saturation is obvious. It was, of course, necessary 
to continue the saturation level for these individuals until the tissues 
were saturated before experimental levels could be started. 

The responses of the 9 subjects to various levels of intake are given in 
table 2. It may be seen that 7 of the subjects, all except I and n, were 

TABLE 2 

Tv-'enty-four hovr excretions of a test €ose of 400 mg. of ascorbic ncid (total intake =■ 400 
am’t, in diet) following two ^otttration periods and periods of various levels 
of ascorbic acid iwfafcc. 
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saturated at tlie level of intake of 1-8 mg. pei’ kg. the levei of in- 

take was reduced to 1.4 mg. per kg., 6 of these individuals became nn- 
saturated. Thus, for these 6 young women, an intake above 1.4 hut not 
greater than 1.8 mg. per kg. was required for saturation. 

Three of the nine subjects had either higher or lower requirements 
than 1.4 to 1.8 mg, per kg. Subject TOI excreted 89% of the test dose 
after a level of 1,4 nig. She was continued on a reduced level of 0.6 mg. 
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per kg. Her response to the test dose after this level was 56% of her in- 
take. Thus, she was still maintaining tissue saturation on this low level. 
Time did not permit further study of this individual but certainly her 
requirement was far below that usually recommended. The reasons for 
such deviation in requirements for ascorbic acid saturation are at 
present unlmown. • • • 

Subjects I and VI were not saturated at 1.8 mg. so they were put on a 
level of 2.2 mg. per kg. On the latter level, subject I excreted 48% of 
the test dose an'd subject VI, 34%. It was not possible to continue study 
of these 2- individuals but it would seem that their requirements for 
saturation had not yet been met. ■ . - 

Thus, from the present study we find that of the 9 young women, 6 
had a requirement of ascorbic acid for saturation of 1.4 to 1.8 mg. 
per kg,, 1 had a saturation requirement of 0.6 mg. or less, and, 2 of 2.2 
mg. or more. No report in the literature was found of a requirement 
for saturation as low as 0.6 mg. per kg. and the reasons for such a low 
requirement for this jmung woman are not known. Storvick and Hauck 
( ’42) found that 1 of their 6 subjects had a requirement of 2;85 mg. per 
kg. which is interesting in view of the fact that 2 subjects in the present 
study were found to require 2.2 or more mg. per kg. for saturation. 
It is felt that by using the simplified technique proposed in this study, 
large numbers of individuals could be studied and the extent of varia- 
tion in requirements for saturation could be learned. 

SUMMARY 

1. A simplified modification of the method using responses to the 
test dose for the determination of saturation needs of ascorbic acid 
was used. Daily urinalysis for ascorbic acid were omitted and only 
the 24-hour samples of urine before and after the test dose were 
analyzed. A more liberal intake of ad libitum foods was allowed and 
the subjects as far as possible lived and ate under their normal dormi- 
tory conditions. 

2. Of 9 young women, 6 were found to have an ascorbic acid require- 
ment for saturation above 1.4 mg. per kg., but not greater than 

One subject had a requirement of 0.6 mg. or less per kilogram, while 
had requirements of 2.2 mg. or above per kilogram. 
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The recent and unprecedented use of dried egg in the human diet 
has made it imperative to evaluate accurately its nutritive properties. 
The e’ffect of dehydration on the vitamin content of eggs is a major con- 
sideration because of the recognized value of eggs as a protective 
food. 

Hauge and Zscheile ( ’42) found that the spray-drying process caused 
little or no loss of vitamin A in eggs. Klose, Jones and Fevold (’43) 
confirmed this finding, and, in addition, observ.ed that thiamine, ribo- 
flavin, pantothenic acid, and nicotinic acid were stable during the spray- 
drying process. They also reported that during subsequent storage 
some loss of thiamine occurred and vitamin A was lost fairly rapidly, 
particularly at elevated temperatures. 

A study of the effect of spray-drj-ing on the vitamin A, D, and ribo- 
flavin content of eggs and the stability of these vitamins during sub- 
sequent storage of the dried product was undertaken at the Beltsville 
Research Center, Beltsville, Maryland, in May, 1942. 

MATERIALS AND METHODS 

The samples of fresh liquid and dried eggs were obtained through the 
cooperation of a commercial egg drying plant in Kansas City. In order 
to insure proper sampling, samples of fresh liquid eggs were taken 
from the dram and a few minutes later samples of the dried product 
were obtained. The samples were frozen and shipped under refrigera- 
tion to Beltsville. 

The vitamin A content of the eggs was estimated by biological assay 
with rats and by the spectrophotometrie method, vitamin D by biological 
assay with rats, and riboflavin by the microbiological method. 
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The general procedure for the biological assay ^vith rats was adapted 
from the method described in the U. S. Pharmacopoeia XII. 

For the vitamin A estimations, rats between the ages of 21 and 26 
days were collected in groups in screen-bottom cages and were housed in 
air-conditioned rooms. They were fed only the basal vitamin A deficient 
diet. After a depletion period of 3 weeks the animals were placed in 
individual screen-bottom cages. l^Taen the rats reached a constant 
weight, or by the twenty-eighth day, supplementary feeding of the test 
material was started and continued for a period of 6 weeks. Weekly 
weights were recorded for all the animals. Because the eggs used 
were received in three batches over a period of months, it was neces- 
sary to make three separate assays. Usually two to six samples of egg 
material were assayed together. "When six samples were to be assayed, 
ten groups, each containing four male and four female rats were as- 
sembled and distributed isogenically according to weight. A sample 
of egg was fed to each of six of the groups and a I’eference standard 
fed at appropriate levels to the other four gToups. 

Crystalline {3-carotene, dissolved in peanut oil and checked for purity 
and concentration by means of the spectrophotometei’, was used as a 
standard of reference. The standard was fed daily at levels equivalent 
to 0,5, 1.0, 2.0, and 3.0 International Units of vitamin A. The results 
obtained from the growth of the gi’oups of rats fed the standard were 
used to establish a curve of response. The \dtamin A content of each 
egg sample was estimated from this curve. 

The “line” test curative method was used for the estimation of vita- 
min D. The rats were from the same stock colony as those used for the 
vitamin A assays. The basal rachitogenic diet, no. 2965, of Steenbock 
and Black (’25), was fed during the depletion period of 21 to 28 days. 
The vitamin D-depleted rats were then distributed isogenically into 
groups, and received supplements of U.S.P. reference cod-liver oil and 
egg material for 6 to 7 days. The animals were killed and tested for the 
degree of bone healing on the tenth day after supplementary feeding 
was begun. A curve of response was established from the means of the 
bone healing values which resulted from feeding different levels of the 
reference oil. The vitamin D content of the egg samples was estimated 
from the response curve. (An arbitrary standard scale extending fiom 
0 to 3 with graduations of 0.5 was used in the estimation of the degree of 

bone healing.) _ • • a 

The procedure used in the spectrophotometric estimation of vitamin 
was essentially that described by Madsen and Davis (’38), except t a 
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purified ethyl ether was used instead of petroleum ether to extract the 
non-snponifiable fraction. 

For the microbiological estimation of riboflavin the egg samples were 
autoclaved in 0.1 N hydrochloric acid at 15 pounds pressure for 30 
minutes. After adjustment of the pH to 4.5 with sodium hydroxide the 
solution was filtered and the filtrate made up to a suitable volume and 
assayed by the method of Snell and Strong (’39). 

EXPEMMEXTAL RESULTS 

Dehydration did not cause an appreciable loss in the vitaniin A con- 
tent of emulsified whole egg. The results of both biological assays and 
physical determinations show good agreement between the fresh and 
dehydrated sample.s (table 1). However, the 'values obtained by the bio- 
logical assay of egg yolk indicate that drying of this material caused 
some destruction of the vitamin A. 

TABLE 1 

Effect of spray-dryinff on the vttamia A, D, fl«<f nbo/tat in content of eggs 
(oil on o (?ri/ n-cighf l/ovs}. 


VtTAllIK A 


MSORimOK OP S.^llPtX 

1 

1 Biologicftl 

, PhysifaJ 

VITVMIND 

RTBOriJtViS 

1 


/. r ptrffm. 


7, r 

! /iff l>ff ffm 

Emulslfled whole egg 
^ Spray-dried whole egg 

, Cl 

31 

J 1 

14 

i C3 

i 31 

3.8 

> 13 

Emulaified egg yolk 

95 

39 

' S.I 

9 

“ Spray-dried egg yolk : 

64 

1 

1 8.C 

9 

Emulsified whole egg ' 

50 

1 

1 3.3 1 

13 

^ Spray-dried whole egg 

42 

' 22 

4.0 i 

14 


The experimental results indicate that drying caused little or no loss 
in the vitamin D and riboflavin content of the eggs. The variations be- 
tween the values for the emulsified and dehydrated eggs arc slight and 
may he attributed to experimental error. 

The decrease in the vitamin A content of stored spray-dried eggs is 
shmvn in table 2. The results of both the biological and physical methods 
show a considerable loss, the results' of the former method indicating a 
much greater loss than those of the latter. This difference Is especially 
noticeable in the case of the samples stored at the higher temperatures. 

Vitamin D and riboflavin in the stored spray-dried eggs were quite 
stable during storage periods of from 4 to 6 months at temperatures 
up to QS^F. (table 2). 
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Effect of storage on the vitamin A, D, and riboflavin content of spray-dried eggs 
(all figures on a dry weight basis). 


1 

OOKDITIOKS OF STORAGE i 

y 

VITAMIK A . 

j 

MTAMIN » 

RIPOFWVIX 

Time | 

1 Temperature 

Biological 

Physical i 

Months 1 

“p. 

I. XJ. per am. 

/. G’. per 'gn\> 

/. V, per gm. . 

fig- pfT pm. 

0 i 


63 

, . 62 

3.8 ■ 

13 

i 

30 i 

55 

' 58 

3.6 

! 12 . 

3 

70 

33 

' 47 

3.8 

i ' 13 

4 

98 

16 

41 

3.7 1 

i 

6 

93 


33 


1 13 


' Converted from micrograms to International Units by use of tlie conversion factor 2. 


DISCUSSION 

As the time and labor involved in the biological assay method for 
vitamin A preclude its use in routine analysis, the spectrophotometric 
method was studied with the intention of correlating the results ob- 
tained by the two methods, Preliminarj'’ studies of emulsified whole egg 
and spray-dried egg samples showed that each mierogTam of vitamin A 
.determined spectrophotometrieally was equivalent to two International 
, Units estimated by the biological method. The values in table 1 show 
reasonably good agreement when the factor 2 is used to convert micro- 
grams to International Units. 

The same procedure was followed in estimating the vitamin A con- 
tent of the stored dried egg, but here the agreement between the two 
methods was not as good as it was in the case of the recently dried egg 
samples. The values estimated spectrophotometrieally compared less 
favorably Avith the biological values as the temperature and time of stoi- 
age were increased. As high results were obtained with the physical 
method, presumably the substances responsible for the irrelevant 
absorption increased in the egg samples during the storage perio , 
Therefore the .conversion factor established for the emulsified who e 
egg and the recently dried egg cannot be applied to stored samples. 

As the irreleimnt absorption is an additive factor, its subtrac ion 
from the total absorption of the vitamin A extract should give the a 
sorption due to the vitamin A. Accordingly an attempt ivas made to es 
timate the vitamin A by difference. The results are represented y 

absorption curves in figure 1. mi • 

Curve 1 is typical of the extract of a dried egg sample. The vi mu 
A in this extract was destroyed by exposure to sunlight, and the rest ua 
'absorption measured (curve 2). The difference between these w 
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curves should he the absorption caused only by the vitamin A. The 
absorption curve of a vitamin A concentrate was determined (curve 5). 
The same quantity of the concentrate that was used for this curve 
was then added to the vitamin free extract; absorption measurements 
gave curve 3. The vitamin A was destroyed in the extract and also in 
the solution of vitamin A concentrate. Subsequent absorption measure- 
ments resulted in curve 4 for the extract and curve 6 for the concen- 
trate. A comparison of curves 5 and 6 shows that the vitamin was com- 



Fig. 1 Tho effect of irrelevant absorption on the apeetrophotometric estimation of vitamin 
A in stored dried eggs. 

Curve 1 Tj'pical absorption curve of extract of stored dried egg. 

Curve 2 Absorption curve of extract after vitamin A ^va3 destroyed by exposure to sunlight. 

Curve 3 Absorption curve of extract after a vitamin A concentrate vvaa added. 

Curve 4 Absorption curve of extract after the added vitamin A was destroyed by exposure 
to sunlight. 

Curve 5 Absorption curve of a solution uf vitamin A concentrate. 

Curve 6 Absorjition curve of tiic solution attev the vitamin A uas destroyed by exposure to 

sunlight. 
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pletely destroyed by exposure to sunlight. As curves 2 and 4 do not show 
the same intensity of absorption in the region of the vitamin A maximum 
it is appaient that the ii relevant absorption did not remain constant 
when the vitamin A was destroyed. Therefore it appears that a con- 
version factor for each condition of time and temperature of storage 
would have to be established for the routine analysis of dried egg by the 
spectrophotometric method. 

The retention of vitamin D and riboflavin presents no problem in the 
keeping of dried egg for the experimental results show that these vit- 
amins are quite stable. 

In general the results obtained in this study of the stability of vita- 
mins A, D, and riboflavin in eggs during the spray-drying process and 
subsequent storage of the dried product are in excellent agreement with 
the findings of Hauge and Zscheile (’42) and Klose, Jones, and Pevold 
(’ 48 ). 

SUMMARY 

The vitamin A content of emulsified -whole eggs and spray-dried eggs 
was estimated by biological and spectrophotometric methods, the vita- 
min D content by a biological method and the riboflavin by a micro- 
biological method. The results indicate that no loss of these vitamins 
oceul'red during the spray-drying process. Vitamin D and riboflarin 
are stable in the stored dried products whereas vitamin A is lost fairly 
rapidly especially at the higher storage temperatures. Estimation of 
vitamin A in the stored products by the spectrophotometric method pre- 
sented difficulties. The effect of impurities that absorb in the region of 
the vitamin A maximum does not remain constant during the storage of 
the dried product. Attempts to overcome this difficulty are discussed. 
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INTRODUCTION 

In a recent publication (Stratton, ’43), one of tbe authors has oallecl 
attention to a number of native nuld plants that are useful additions to 
war-time diets as greens or salad plants. The present paper reports 
assays of the vitamin C (ascorbic acid) content of a number of the com- 
monest of these edible wild plants, the tests involving both fresh sam- 
ples, those which had been placed in frozen storage for several weeks 
before testing, and those which had been cooked. 

The litei’aturo records tests of vitamin C content for a few species 
of wild greens in the fresh state. Burrell and Ebright ( ’40) report as- 
says for this vitamin in dandelion, shepherd’s purse, and pokeweed. 
Burrell and ktiller (’39) have also detei'mincd vitamin 0 content in 
curly dock, wild lettuce, and chickweed. The values for curly dock and 
chiokrveed obtained by those rvorkers were comparable to those obtained 
in this study, but they reported higher vitamin C values for dandelion, 
shepherd’s purse, and pokeweed than were obtained in our determina- 
tions. All of these tests were made by means of the dye titration 
method. 

It is well know that the food value of various crops is markedly 
affected by the environment and soil in which the crop lias grown; for 
this reason an attempt wms made to gather the samples for testing in 
locations characterized by differences in soil, .shading, and other eco- 
logical variables. 


MATERIALS ANT) METHODS 

The species of wild plants te.sted are li.sted in table 1. An attempt 
was made to gather and prepare the plant tissues in wmj's comparable 
to the recommended practices in gathering and preparing wild greens 

'The irork reported here was carried oat under a joint project of tho Oklahoma Affrieultural 
Experiment Stntion, and the School of Arts and Sciences of the Oklahoma Aj^riciiltural and 
Jtochamcal College. 
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table 1 

Viiamm C content of fresh, cooked, and frozen wild 


Orcens. 


SPEOIMEX 


habitat 


Mg./GM. VITAJtlX 0, CAtOl,%ATF.D 


Plant 


Curly dock 
(Eunies 
erispuslj.) 


Prickly lettuce 
(liaetuca 
seariola 
L.) 

Poverty weed 
(Monolepis 
Nuttalliana 
(R. & S. 
Wats.) 


Sample Shade t Soil 2 


Plowed’ Snccn- 
Icnce ‘ 


I 

II 

III 

IV 

V 

Mean 


L 

L 

BL 

L 

SC 


Common 
chiclaveed 
(Stellaria 
media (L.) 
Cyrill.) 


Common 

dandelion 

(Tarasaeum 

ofBcinale 

Weber) 


Red-seeded 
dandelion 
(Taraxacum 
erythrosper- 
mum Andrz.) 


Tall dock 
(Rumex 
altissimus 
Wood) 


(Gapsella Bur- 
sa-paatoris 
(L.) Medic.) 

Pokeweed 

(Phytolacca 

americana 

L.) 


+ 


S ' 
MS 
MS 
S 

VS 


ok: 


Wet basis 


Dry basis 


Fresh Cooked Proren ' Fresh 


1.30 

0.96 

1.42 

1.55 

1.26 

1.30 


1.30 

0.90 

1.43 

1.34 

1.35 
1.26 


0.23 

0.33; 

0.49 

0.53 

0.39 


Lamb’s quarter 
(Chenopodium 
album Ii. I, 

III, V. Cheno- 
podinm Ippto- 
■ phyllum Nutt. 

II, lY.) 

■‘Shade; -f-, full shade; ±, partial shade: — , full sun. 

’Soil; ii, loam; B, black; S, sandy; C, clay. 

’Plowed:. plowed witliin past 6 months; — , unplowed during this 
’Succulence: S, succulent; V, very; M, moderately; F, fairly. 


time. 


Cooked 


13.83 

8.43 

9.57 

10.70 

8.64 

10.24 


13.83 

7.90 

9.67 

9.29 

9.26 


I 

II 

III 

IV 

V 

Mean 

+ 

±: 

L 

L 

L 

L 

SC . 

+ 

vs 

s 

MS- 

VS 

VS 

0.43 

0.44 

0.60 

0.31 

0.31 

0.41 

0.37 

0.40 

0.32 

0.40 

0.41 

0.38 

0.04 

0.23 

0.11 

0.12 

6.32 

3.71 

4.58- 

2.64 

2.83 

4.01 

5.42 
3.35 
2.67 

3.42 
3.82 
3.73 

I 


L 

4* 

S 

1.18 

0.67 


10.69 

6.11 

II 

-f 

CL 

— 

VS 

0.66 

0.67 

o.is 

6.32 

6.47 

III 

— 

L 

4- 

s 

0.67 

0.67 

0.19 

4.79 

4,79 

IV 


SC 

— 

MS 

0.81 

0.67 

0.25 

6.11 

,5.08 

V 

— 

CL 

— 

MS 

0.67 

. 0.73 

0.15 

7.50 

8.15 

Mean 





O.SO 

0.68 

0.18 

7.08 

6.12 

I 

+ 

L 

— 

VS 

0.24 

0.19 

0.20 

3.03 

2.38 

II 


CL 

— 

MS 

0.33 

0.29 

0.02 

3.30 

2.93 

III 

— 

SC 

— 

MS 

0.35 

0.29 

0.05 

2.95 

2.44 

IV 


L 

— 

MS 

0.06 

0.11 

0,15 

0.61 

- 1.04 

V 


SL 

4 

MS 

0.34 

0.40 

0,17 

4,20 

3.5S 

Mean 





0.26 

0.26 

0.12 

2.82 

2.41 

I 


L 



S 

0.19 

0.15 


1.24 

1.01 

II 


SL 

— 

S 

« • < 

0.19 

» • 

. . . 

1.21 

III 

— 

CL 

— 

S 

0.12 

0.32 

0.01 

0.84 

1.10 

IV 

+ 

L 

— 

VS 

» » » 

0.'19 

0.01 


1.75 

V 

+ 

CL 

— 

S 

> . » 

0.21 



1.52 

Mean 





0.15 

0.21 

o.oi 

1.04 

1.32 

I ' 

± 

L 



s 

0.11 

0.14 


0.76 

0.99 

II 

_ 

CL 

— 

S 

0.05 

0.53 

0.67 

0.31 

0.16 

III 



CL 

— 

MS 

0.19 

0.22 

0.23 ' 

1.35 

1.56 

IV 

-f 

CL 

— 

S 

... 

0.19 


... 

1.39 

Mean 





0.11 

0.27 

0.15 

0.81 

1.02 

”1 


RL 


MS 

1.58 

1.52 

0.17 

10.56 

10.50 

II 



L 



VR 

1.43 

1.59 

0.72 

13.25 

14.67 

III 

— 

BL 

— 

MS 

1.30 

1.17 

0.42 

10.59 

9.16 

IV 



SL 



S 

1.20 

1.31 

0.58 

9.T1 

10.57 

V 

— 

SL 



VS 

1.14 

1.37 

0.30 

8.15 

9.78 

Mean 





1.34 

1.39 

0.44 

10.45 

10.93 

I 

— 

L 

— 

MS 

0.68 

0.64 

0.06 ' 

6.04 

5.00 

II 

4- 

CL 

— 

MS 

0.65 

0.93 

0.19 

4.06 

7.04 

III 


CL 

— 

MS 

0.73 

0.91 

. . . 

5.05 

6.33 

IV 

4“ 

CL 

— 

FS 

0.63 

0.61 

. . . 

4.92- 

4.69 

Mean 





0.67 

0.77 

0.12 

5.24 

5.76 

■'I 



SL 


S 

1.28 

1.19 

0,28 

13.38 

■12.4.3 

II 


SL 

— 

8 

1.18 

1.16 

0.85 

11.77 

11.62 

III 

4: 

SL 


S 

1.44 

1.75 

0.35 

13.50 

16.55 

IV 

— 

SCL 



R 

1.68 

1.70 

0.45 

15.25 

15.40 

Mean 





1.39 

1.45 

0.48 ■ 

13.47 

14.00 

I 



RL 

4 

VR 

0.69 

0.99 

0.27 

5.92 

4:74 

II 



RL 


S 

0.51 

0.55 

. - • 

5.61 

6,12 

III 


SL 


VS 

0.53 

0.41 

0.16 

4.45 

3.43 

IV 



RL 

— 

S 

0.66 

0 .8S 

0.34 

4.89 

6.30 

V 



SCL 

4 

S ' 

0.91 

0.94 

0.41 

7.35 

7.62 

Mean 




1 

0.66 

0.75 

0.30 

5.64 

5.64 



. - 





— 


- 

- 
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for file table. The majority of the samples were collected between 8 and 
UA.jr. and prepared for testing immediately thereafter, before the 
plants had wilted; An aliquot of each sample was blanched for 1 minute 
in boiling water, qnick-frozcu without delay, and placed in frozen- 
locker storage for a period ranging from 36 to 65 days. A second ali- 
quot was macerated i na Wnring Blender and tested without further 
treatment, while a third aliquot of 50 gm. of greens was cooked for 5 
minutes in 100 ml. of 'boiling, distilled water, after which the assay was 
made on the combined greens and cooking water. The frozen samples 
■were then treated as the fresh, uncooked samples. The Klctt-Summer- 
son colorimeter was used for the ascorbic acid determinations which 
were made according to the method of LoefBer and Ponting (’42). 

DISCUSSION 

The vitamin C determinations may be compared with those reported 
for spinach, in which the vitamin C content is in the approximate range 
of 0.50 to 0.65 mg. per gm. of greens (Booher, Hartzler, and Hewston, 
’42). In comparison with this range the wild greens tested fall into 
three groups: (a) pokeweed. tall dock, and curly dock, with vitamin C 
contents about double that of spinach; (b) por’erty wood, shepherd’s 
purse, and lamb’s quarter, which were, roughly, equal to spinach in 
vitamin G content; and (c) chickweed, common dandelion, red-seeded 
dandelion, and prickly lettuce with vitamin C vnlnes materially lower 
than spinach. 

In general, the changes in vitamin C content following freezing and 
cooking were comparable to the changes that occur in cultivated greens. 
With the exception of the rod-seeded dandelion the frozen samples 
showed marked loss in vitamin C content, as is true for spinach. In some 
cases the vitamin C values obtained for cooked greens were higher than 
those for comparable samples of uncooked greens. This was particu- 
larly true of the two specie.s of dandelion. In some instances no rending 
was obtained with the raw material, while (be cooked material indicated 
the presence of vitamin C. Tliis may bo dim to the nso of 1% mota- 
phosphorio acid for extraction of the vitamin. Some of these green.s 
may have had higher oxidative activity and Boid (’42) has conelnded 
that higher concentrations of mciaphosphoric acid than ivero used m 
these tests are nece.ssary for such refractory inafonnls. If this is the 
case, the vitamin C content of .some of our snmiilo.s may have been ma- 
terially higher than was brought out by the assays. 

The frozen samples varied in their lime of frozen storage from .3(i to 
65 days. Comparison of the loss in vhamm eontenf wifh length of time 
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in frozen storage showed no correlation. There was no evidence of a 
progressive loss in vitamin 0 content with increasing time of storage 
within these limits. • ° 

The data in table 1 give some indication that plants growing in full 
sunlight have more vitamin C than those growing in the shade, those in 
unplowed ground more than those in cultivated land, and those in rich 
loam or sandy loam soils more than those growing in clay or sandy clay 
soils. Many factors appear to influence the vitamin C content of wil'd 
greens, including soil, moisture, temperature, time of day sample is 
taken, stage of development of the plant, and others. It was not mthin 
the scope of this study to attempt to determine the individual effects 
of these factors. Such a study would require the growing of plants 
under controlled conditions. 


SUMMARY 

Vitamin C assay of fresh, cooked, and frozen samples of edible wild 
greens showed that pokeweed, tall dock, and curl}’- dock contained tvdce 
as much of this vitamin as spinach; poverty weed, shepherd’s purse, 
and lamb’s quarter about as much as spinach; duckweed, dandelions, 
and prickly lettuce considerably less than spinach. Loss of vitamin 0 in 
^vild greens due to freezing or cooking was comparable to the loss 
sustained under similar conditions by cultivated greens. There was 
some indication that the vitamin C content was greater in plants ex- 
' losed to full sunlight and in fertile, uncultivated soil. 
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The existing knowledge and theories concerning canine hysteria were 
carefully discussed hy Hewetson (’36). He was unable at that time 
to arrive at any definite conclusions regarding the disease from consid- 
eration of the laiown facts. At best it is an ill-defined malady whose no- 
menclature, cause, and treatment are in dispute. Numerous other terms 
have been suggested and used for the syndrome, namely, rumiing fits 
(Arnold and Elvehjem, ’39), fright disease (Grace, ’30), epizootic hys- 
teria, enzootic hysteria, infectious hysteria (Campbell, ’27), and hyper- 
kinesia (Lintz and Lintz, ’29). 

The symptoms generally associated with the disease are paroxysmal 
attacks of hyperexcitability characterized by running, barking or howl- 
ing, faulty vision, deranged, balance, dementia, and often clonic con- 
vulsions. The secretion of a heavy mucous saliva is common especially 
during the convulsions. During the convulsions urination and defecation 
frequently occur. The affected dogs seem indifferent to injury or to ef- 
forts to quiet them. Excitement and physical strain influence the onset 
and frequency of attacks. Heredity (Borrr-man and Sohlotthauer, ’41) 
is also believed to be a factor affecting the animals’ susceptibility. Be- 
tween attacks the animal may appear nonnal but is often nervous and 
apprehensive. Attacks are usually precipitated by stimuli such as a 
sudden noise or a flash of light. 

A number of afflictions have been i-eported to produce similar symp- 
toms. Melnick and Cowgill (’37) obsei-ved hysteria among e.xperimental 
dogs receiving rations containing gliadin. Arnold and Elvehjem (’39) 
found that a baked dog food made of wheat flour and meat scrap caused 
fits in young dogs and thought that a lysine deficiency was involved. 

'Published with the approval of the Director of the ‘WiBconsin Agricultural Experiment Sta- 
tion. This work was supported in part hr a grant from Wilson and Company. 
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They also suggested that a toxicity might be a contributing factor. Pat- 
ton ( '39) attributed similar symptoms in dogs fed a baited dog food to a 
thiamine deficiency. McGhee (’36) thought that the condition Avas due to 
a low blood mag-nesium level. Chambers (’30) reported a ease in which 
the addition of quantities of tallow to a ration of meat and baked bread 
cured hysteria. Others have believed that distemper (Grace, ’30), ear 
mites (Chambers, ’30), intestinal obstruction (Browing, ’29), vitamin 
A deficiency (Walston, ’33), or ticks (Macfie, ’30) were the cause of the' 
disease. 

Many of the workers who believe the disease to be related to the 
nutrition of the affected animals have commented on its frequent as- 
sociation with the feeding of baked dog foods. For this investigation 
it was originally intended to select commercial baked dog. foods on 
the basis of their hysteria-producing potency and secure sufScieiit quan- 
tities of the worst offenders for further experimentation. In the midst , 
of this program. Dr. H. B. Parry,-* ^ who had been conducting feeding 
experiments with gliadin in this laboratory discovered that by feeding 
commercially produced wheat gluten „to young dogs all of the usual 
symptoms of canine hysteria could be produced with great rapidity, and 
intensity. The frequent occurrence of wheat products as an ingredient 
of baked dog foods, and the similarity pf the symptoms suggested 
that the disease was the same in both cases. The use of wheat gluten 
offered a more productive approach to the problem than the feeding 
of commercial dog foods and subsequent efforts were directed to the 
investigation of this material. 

EXPERIMENTAL 

Animals 

Mongrel dogs were obtained at weaning and fed a miUi diet for sev- 
eral days. During this interval they received as a vermifuge f-grain of 
santonin and f-grain of phenolphthalein following a 12-hour starva- 
tion period, after which they were transferred to a normal, adequate, 
dry ration for 1 week before being used for experimental purposes. 
The animals were kept in a heated, lighted room in individual cages of 
heavj’’ vdre mesh, the floors of which were of concrete covered with wood 
shavings. The proximity of the animals to one another was such as to 
permit read}’’ transmission of the malady if an infectious agent weie 
responsible. 

' Unpublished data. -r^ • . i it f \ frion 

® Present address: Imperial Chemical Pharmaceuticals, Entebbe Uganda, Britis 1 a? -f 
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At the end of each experiment animals ’which liad received hysteria- 
producing rations ’were transferred to a normal ration for a recovery 
period of at least 1 -week. By this procedure it 'was possible to use 
each animal for several experiments. After animals had attained the 
age of 6 to 8 months their susceptibility ■was so reduced as to make 
them unsatisfactory for assay purposes. 

Production of canine hysteria with comynercial 
hahed dog foods 

The baked dog foods used in this portion of the ■work -were regular 
commercial products. They ■n’ere coarsely ground and 97 parts of the 
ground material mixed ■with 1 part cod-liver oil, 1 part NaCl, and a part 
Liver Fraction B *. Preliminary experiments had demonstrated that 
the above supplements did not prevent the occurrence of attacks of 
canine hysteria. The above rations and water were supplied ad libitum. 


TABLE 1 

CnniJip hysteria from the feedtnp of baked dog foods. 


6AUPCJ: 

REStrtTS 


BEsat/rs 

SASIPLE 

BCSOLTS 

1 

fed 18 days; 
no attacks 

6 

first attack 
on 14th day 

39 

first attack 
on 24th day 

o 

fed 3-1 daysj 
no attacks 

i “ 

I 

first attack 
on 5lh day 

10 

first attack 
on 11th day 

3 

fed 41 days;' 
no attacks 

i 

fed 83 days; j 
no attacks 

11 

first attack ' 
on 32ud day 

0 

fed 34 daysV 
no attacks 

i 

1 

9, 

9 

i 

first attack | 
On 5th day I 

first attack | 
on 5th day j 

1 11 pins 

5% 
casein 

first attack 
on 2Sth day 


Results obtained on nine samples are listed in table 1. Limited quan- 
tities of sample 1 prevented a more prolonged assay. Two samples were 
found to cause attacks in less than a week. Two other samples also 
caused hysteria hut more slowly. Five samples failed to show actmty. 
The affected animals displayed .symptoms of nervousness, fright, run- 
ning, howling, and in some cases convulsions. Secretion of a heavy 
mucous saliva occurred during attacks. The loss of sight which occurred 
was not complete nor was it permanent. The animals’ pupils wore di- 


* 'Wilson Labotatories. 
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lated and the eyes were fixed and staring. No interference with the light 
reflex was apparent. ' 

The effects of a number of compounds, the lack of which have been 
associated vith seizures of hysteria by other workers, were studied 
with those samples found to produce attacks. The responses of a test 
animal receiving sample 6 to supplementation with thiamine hydro- 
chloride, casein, dried canned dog food, and lysine hydrochloride are 



Dog no. 36. Fed dog food sample no. 6 throughout the period shown in the graph. Sup- 
plements: B, = 4 mg. of thiamine hydrochloride; C = 10 gm. of casein per day; X = 200 
gm. of canned dried dog food; F = 135 gm. of canned dried dog food; D = 250 mg. of d-lysine 
dihydrochloride. ' 

Dog no. 76. Fed ration W-1 (casein ration, see table 2) for 2 weeks before receiving wheat 
gluten ration W-2 for 3 weeks; B, represents oral administration of 2 mg. of pyridoxine 
hydrochloride. 

\ 

sliovTi in figTire 1 (dog no. 36^), None of these supplements either pre- 
vented or appreciably delayed the onset of attacks. Sample 11 (table 1) 
still caused hysteria when supplemented ivith 5% crude casein. The ly- 
sine, canned dried dog food, and casein supplements elicted small 
growth responses. Similar effects were obtained with other dogs. 

Canine hysteria from wheat gluten 

Several laboratory rations were devised to study the effects of lyheat 
gluten (table 2). Rations W-1 and W-2 are Dr. Parry’s modifications 
of Melnick and Cowgill(s rations (’37). The remainder of the rations 




OASISJS HYSTERIA 


435 


liavo been modified to correspond more closely to the constituents gen- 
erally used in this laboratorj’ for experimental animals. To reduce 
the chances of rancidity not more than a ivcek’s supply of each ration 
iras mixed at a time. The dogs ivei'e given access to 50 gm. of ration 
per kilogram of body -weight per day, ivhich was approximately the 
average consumption on rations of tliis type. This restriction was found 
necessary to prevent the dogs from over-eating when first fed these high 
sucrose rations. Such gorging is followed by indigestion and a marked 
drop in food consumption which may persist for several days. Water 
was supplied ad libitum. Supplements of proteins and amino acids 
which amounted to more than 1% of the ration were substituted for 
equal amounts of sucrose. 


TABLE 2 

Lahoratory rations vsed for wheat glntcn stiifTiP.? ‘ 


COSBTUVXST W-l \Y~2 w 3 w-4 w-T w 8 w-S w-io >r-12 


Acid-iraslied casein ... 4.70 ... 27.o 20 20 20 20 20 

Wieat gluten 4.87 30 .. 10 15 20 25 

Laid 3.77 3.77 21 21 21 21 21 21 21 

Sucrose 7.50 6.33 40 42.5 40 35 30 25 50 

Salts 4 4 4 4 4 4 4 4 

Wesson salts 0.30 0.30 

Bone ash 0.40 0.40 . . 

laver Fraction B (Wilaon) * . . . . 0,33 0.33 3 3 3 3 3 3 3 

Cod liter oil Note* Note* 2 2 2 2 2 2 2 

Total 17.00 15.90 100 100 100 100 100 100 100 


* All aiumnls supplemented with 1.5 rng. of thiamine hydrochlotide, 2.0 mg. ol niacin, 1.0 mg. 
of pyridoxine hydrochloride, and 10 mg. of alpha-tocopherol per kilogram of body weight per 
week. Supplements given orally by pipette. 

* Wilson Laboratories, Chicago, III. 

* Two ml. cod liver oil orally per day by pipette. 

Experiment I. Two 6-month-old fox terriers weighing 5.7 kg. and 
6.5 kg. were fed ration W-1 (casein) for 13 days. The ration was 
changed to W-2 (wheat gluten) and the incidence of hysteria attacks 
observed. Tho responses of animal no. 76 are shown in figure 1. This dog 
had an attack after 5 days on tlie wheat gluten ration. The other suffered 
from deranged balance by the eighth day and had attacks of hysteria 
on the tenth day, djung after 22 days on the ration. Supplements of 
additional ciystalline pyridoxine were given orally to both animals 
without effect. 

Experiments II, III, IV. Effects of lysine and protein supplements. II. 
(fig. 2). Six pups 7 weeks of age were fed ration W-1 (casein) for 9 
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days. Dogs nos. 78, 80, 81 and 82 were then changed to ration ^-2 (wheat 
gluten). In addition, dogs nos. 81 and 82 received d-lysine dihydro- 
chloride 5 equivalent to 0.6% of the ration. Dogs nos. 79 and 83 were 
maintained on the casein ration as controls. Control dogs nos, 79 and 
83 continued to grow at a good rate and were normal in behavior. The 
four littermates fed rations containing wheat gluten aU had attacks of 
hysteria 3 days after the change in rations. Six-tenth per cent d-lysine 
dihydrochloride in the diet did not retard the onset of attacks.- 



Fig. 2 Supplementation of -wheat gluten ration -with lysine. Control dogs, no. 79 and no. 83, 
fed casein ration W-1 throughout experiment. H = hysteria attack. , 


III. (figs. 3a, 3h). After a 12-day recovery period on ration W-1 dogs 
nos. 78, 79, 80, 81, 83 and 85 were placed on the following experiment. 
No. 78 was maintained on the casein ration as a control. No. 81 was fed 
ration W-2; nos. 79, 80, 81 and 85 received W-2 plus the supple- 
ments designated on the graphs. Neither 1.2% d-lysine dihydrochloride, 
• 18% casein, 18% casein hydrolysate, nor 18% gelatin prevented hysteria. 
The ons'et of the disease seemed to be slightly delayed in the dogs re- 
ceiving the protein supplements and the growth rate was increased b> 

■ the addition of casein or casein hydrolysate. Calcium pantothenate (fig- 
3)' did not alleviate the symptoms. _ . 

rV. After a 9-day preliminary feeding period on ration W-4 (casein), 
two black Irish-Setter-G-erman Shepherd Cross littermates, nos. 
and 91, were fed ration W-3 (wheat gluten). The ration of no. 9 was 
\ 


' Merck. 
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supplemented witli 4.97% dl-lysine monoliydrochloride. Dog no. 90 
developed hysteria in 2 days ; dog no. 91 had its first attack in 3 days. 
The growth of the animal fed lysine was slightly better. 



Fig. 3a Eflfect of supplementing -wheat gluten rations. Supplements of 2.5, 2X) and lO.O 
mg. of calcium pantothen.'ite were administered orally to dog no. 79 during the serenth, eighth, 
and tenth days on ration W-2 plus 1.2% d-lysino dibydrochloride. Dog no. 81 in a similar 
manner was fed 2.5, 5.0, and 10.0 mg. of calcium pantothenate during the ninth, eleventh, 
and twelfth days on ration W-2, H « hysteria attack. 



Fig. 3b Effect of supplementing wheat gluten rations. H = hysteria attack. 
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, Tlie disease does not seem related to pyridoxiiie-defieiency fits of rats 
and pig-s reported by Chick (’40), nor the valine-deficiency staggers of 
rats observed by Eose (’89). 

The nature of the toxic factor is still in question. It appears to bo 
distinct from selenium whicli has been found to be the toxic substance 
in certain grains (Moxon, ’37).' Eecent analyses made by Dr. Moxon 
of the South Dakota Experiment Station show the selenium contents 
of two samples of our wheat gluten flour to be 1,2 and 2,4 parts per mil- 
lion. Even when these materials were fed as 30% of the rations the 
intake of selenium was well below the minimum levels reported to be 
toxic. Balls and Hale ( ’40) have reported a material extracted from 
wheat flour by petroleum ether and found to be toxic (Coulson et al., ’42) 
for mice and certain microorganisms. We have not found wheat gluten 
flour toxic for mice when fed as 30 of the ration.’’ 

Asa further point of interest it should be mentioned that in prelimi- 
nary studies we have been unable to detect any of the usual symptoms 
of canine hysteria in the chick, rat, guinea pig and monkey when fed 
rations containing large amounts of wheat gluten, for periods of 3 weeks 
or more.’’ Melnick and Cowgill ( ’37) have also reported the rat to be 
immune to the toxic factor in gliadin. 

The chemical properties of the toxic material in wheat gluten are now 
under investigation. Although details of the work cannot be presented 
here, it is significant that the wheat gluten can be rendered water- 
soluble by digestion with pancreatin.’ It does not seem probable that 
it can be causing any physical interference with gastro-intestinal func- 
tion in spite of its extremely gummy character previous to digestion. 

SUMMARY 

Canine hysteria of the nutritional type has been produced in dogs by 
feeding baked dog foods containing wheat gluten flour and experimental 
rations containing wheat gluten flour. The disease appears to be caused 
by some toxic factor present in the wheat products. Although the pro- 
teins of these products are deficient in lysine, protein and limine sup- 
plements do not prevent the disease. Hysteria can be caused in dogs 
receiving nutritionally adequate rations by the addition of wheat gluten 
flour to the rations. 
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THE ATWATER SYSTEM OP GALCULATIEG THE 
CALORIC VALHE OP DIETS 

LEONABD A. MATNAED 
Cornell UnivttTsiiy, Jthoca, Kew rorfc 

(Keceived for pubUcatioQ September 25, 1944) 

Some years ago Morey (’36) made a very comprehensive analysis 
and comparison of methods of calculating the energy value of diets, 
from ■which she concluded ; ‘ ‘ The multiplicity of methods used in calcu- 
lating the amount of energy actually derived by the body from a given 
amount of food eaten or purchased makes it extremely difSoult to com- 
pare accurately different dietary studies and standards.” The problems 
here involved become of special importance at the present time because 
of the need for a common basis for international comparisons of food 
supplies and for their evaluation in relation to dietary needs. This re- 
view deals 'with these problems, with particular reference to the ap- 
plicability of the Atwater system. 

In this system, which has long been generally employed in the Hnited 
States, calories are obtained by multiplying grams of protein, fats and 
carbohydrates by the factors, 4-9-4, respectively. On the other hand the 
Rubner factors, 4.1-9.3-4.1, have generally been used in Europe and 
elsewhere. The principal difference between the two sets of factors 
is that the Atwater values take account of digestion losses which those 
of Rubner do not. Atwater has pointed out that Rubner ’s values for fat 
and carbohydrate are heats-of-combustion values and that when they 
are multiplied by the appropriate coefficients of digestibility they be- 
come approximately the same as his own (Atwater’s). Applied to mixed 
diets Rubner’s factors give a calorie value which is about 3% higher 
than obtained by Atwater’s factors, according to Morey (’36) who has 
reviewed the bases of the two sets of values. 

There is a further difference in the practice in the H.S.A. and in the 
H.K. (Hnited Kingdom). According to the Atwater system the carbo- 
hydrate factor 4 is applied to carbohydrates as determined "by differ- 
ence”, whereas the British workers, ifcCance and Widdowson (’42) 
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make the calculation on the basis of what they designate as the “ avail- 
able carbohydrate”, namely, the directly determined starch, sugars and 
dextrins. Further they express all of these carbohydrates as glucose 
and multiply the total by 3.75, the heat-of-combustion value of this 
sugar, to obtain calories. 

_ More recently the Accessory Pood Factors Committee of the Medical 
■^Research Council of the U.K. have used the Atwater factors in comput- 
ing the composition of war-time foods but they have expressed the 
“available carbohydrates” in terms of their starch equivalents (di- 
saccharides ^ 1.055, hexoses^l.ll) before applying the factor 4, 
whereas by the Atwater system the total carbohydrates are multiplied 
by the factor directly. Thus the M.R.C. (Medical Research Council) 
procedure results in lower values for all foods containing sugars. Cane 
sugar, for example, has approximately 5% fewer calories by the M.E.C. 
calculation than by the Atwater method. 

The problems arising from the discrepancies between the U.K. pro- 
cedure and the Atwater system as used in the U.S.A. and Canada be- 
came apparent in a joint study made by experts of the three countries, 
involving a comparison of food consumption levels in relation to nutri- 
tional needs. The difficulties encountered are discussed in,AppendLvD 
of the Report of the Special Joint Committee (’44). The problem has 
arisen again in studies in which T7.K. and U.S.A. scientists are cooper- 
ating in evaluating the food supplies of various countries of conti- 
nental Europe, as well as in connection with the activities of the United 
i^ations Relief and Rehabilitation Administration (U.N.R.R.A.). It 
will continue to be a problem, post-war, for international programs in 
the field of food and nutrition unless a common basis for food evalu- 
ation is agreed upon. The present article is presented as a contribution 
to this objective. The experimental basis of the Atwater system is 
reviewed, with particular reference to the points of difference with 
the present U.K. procedure. Its applicability to diets differing widely 
in make-up from the U.S. diet is critically discussed. 

Atwater (’00) has summarized the experimental basis of his pro- 
cedure in the 12th Annual Report of the Storrs Agricultural Experi- 
ment Station. The detailed supporting data are j^ublished in other 
reports from this station, in bulletins of the Office of Experiment Sta- 
tions and elsewhere. For purposes of the present study and because the 
publication in question is doubtless unavailable in many libraries, table 
10 from the Storrs Report is here reproduced without change (table 1). 

Atwmter first summarized 185 dietarj'' studies made on different 
groups of people in different areas of the U.S.A. He classified the foods 



CALCULATING CALORIC VALUE OF DIETS 


445 


TADLB 1 

Factors /or Jicats of comlmsfion anti fuel volitcs of nuirienis in. di^crcnt groups of food 
materiats and in mixed diet. 


(Table 10 from Atwater, Report of Storis Agricultural Experiment Station for 1899.) 


KIKD OF 
rOOD MATEBIAL 


NurniEXTs 

yvTRxisnsn I heat or 
BT EACH ( CO^' 
GROUf* PFR BDSTJOX 

100 GRAMS rnaoBAM 
TOTAO I 


PBO- 

PORTIOSr 

TOTAL, 1 

CKERar 1 

[ rUBI. VALUE 

OF TOTAI. 
MOTIHENT 

PER. ARAM : 
IX 

Per gram 

Per eram 

AOTtfAtOr i 

AFArLABLE j 

1 8ra{]ab2e i 

fotai 

AVAllsABliE ; 

XUTRIEXTS 1 

1 nutrients 

nutrients 


Prot#in 

Meats, fish, etc. 
Egga 

Dairy products 

Animal food 

Cereals 

Legumes 

Vegetables 

Fruits 

, Vegetable food 
Total food 
Fat 

Meat and eggs 
Dairy products 

Animal food 
■ Vegetable food 
Total food 

Carbohydratff 

Animal food 

Cereals 

Legumes 

Vegetables 

Fruits 

Sugars 

Vegetable food 
Total food 


.V 


■ 

c 

D 

=(BxC) 


F» 

Om. 

Car*. 


Cals. 

CaU. 

CaJs. 

43.0 

5.65 

.97 

5.50 

4.40 

4.25 

6.0 

5.75 

.97 

5.60 

4.50 

4.35 

12.0 

5.65 

.97 

5.50 

4.40 

4.25 







61.0 

5.65 

.97 

5.50 

4.40 

4.25 

31,0 

5.80 

.85 

4.95 

4.55 

3.70 

2.0 

5.70 

.78 

4.45 

4.45 

3.20 

S.5 

5.00 

.83 

4.15 

3.75 

2.90 

0.5 

5.20 

.85 

4.40 

3.95 

3.15 

39.0 

5.65 

.85 

4.80 

4.40 

3.55 

100,0 

5,65 

.93 

5.20 

4.40 

4.00 

60.0 

0.50 

.95 

9.00 

9.50 

9.00 

32 0 

9.25 

,95 

8.80 

9.25 

8.80 







92.0 

9.40 

.95 

8.95 

9.40 

8.95 

8.0 

9.30 

.90 

8.35 

9.30 

8.35 







100.0 

9.40 

.95 

8.90 

9.40 

8.90 

50 

3.90 

.98 

3.80 

3.90 

3.80 

55.0 

4.20 

.98 

4.10 

4.20 

4.10 

3.0 

4.20 

.97 

4.05 

4.20 

4.05 

13.0 

4.20 

.95 

4.00 

4.20 

4.00 

5.0 

4.00 

.90 

3.60 

4.00 

3.60 

21.0 

3.95 

.98 

3.85 

3.95 

3.85 

95.0 

4.15 

.97 

4.00 

4,1.5 

4.00 

100.0 

4.15 

.97 

4.00 

4.15 

4.00 


■Values for fsts und carbolij-drutes, some M corro^ondine values in column B, Values for 
protein, same as corresponding values in column B minus 1—5. 

■Values for fats and earbobydrates, same as eurrespondini; values in column D. Values for 
protein, same as eerresponding values in column V mums I,S5. ■ 
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make the calculation on the basis of what they designate as the “avail- 
able carbohydrate”, namely, the directly determined starch, sugars and 
destrins. Further they express all of these carbohj’-dra'tes as glucose 
and multiply the total by 3.75, the heat-of-combustion value of this 
sugar, to obtain calories. 

- More recently the Accessory Food Factors Committee of the Medical 
'Eesearch Council of the U.K. have used the Atwater factors in comput- 
ing the composition of war-time foods but they have expressed the 
^‘available carbohydrates” in terms of their starch equivalents (di- 
saccharides 1.055, hexoses ^ 1.11) before applying the factor 4, 
whereas by the Atwater system the total carbohydrates are multiplied 
by the factor directly. Thus the M.E.C. (Medical Eesearch Council) 
procedure results in lower values for all foods containing sugars. Cane 
sugar, for example, has approximately 5% fewer calories by the M.E.C. 
calculation than by the Atwater method. 

The problems arising from the discrepancies between the U.K. pro- 
cedure and the Atwater system as used in the U.S.A. and Canada be- 
came apparent in a joint study made by experts of the three countries, 
involving a comparison of food consumption levels in relation to nutri- 
tional needs. The difficulties encountered are discussed in Appendix D 
of the Eeport of the Special Joint Committee (’44). The problem has 
arisen again in studies in which U.K. and U.S.A. scientists are cooper- 
ating in evaluating the food supplies of various countries of conti- 
nental Europe, as well as in connection mth the activities of the United 
Nations Belief and Eehabilitation Administration (U.N.E.E.A.). It 
■svill continue to be a problem, post-war, for international programs in 
the field of food and nutrition unless a common basis for food evalu- 
ation is agreed upon. The present article is presented as a contribution 
to this objective. The experimental basis of the Atwater system is 
reviewed, with particular reference to the points of difference with 
the present U.K. procedure. Its applicability to diets differing wide!) 
in make-up from the U.S. diet is critically discussed. 

Atwater ( ’00) has summarized the experimental basis of bis pro- 
cedure in the 12th Annual Eeport of the Storrs Agricultural Experi- 
ment Station. The detailed supporting data are published in othei 
reports from this station, in bulletins of the Office of Experiment Sta- 
tions and elsewhere. For purposes of the present study and because t e 
publication in question is doubtless unavailable in many libraries, tab e 
10 from the Storrs Eeport is here reproduced without change (table ;• 

Atwater first summarized 185 dietary studies made on diffeien 
groups of people in different areas of the U.S.A. He classified the foo s 
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mon vegetables. That the cai'bohydrate represented by these differ- 
ences is entirely unavailable has not been proved. 

It has been mentioned that the Atwater factors for a mixed diet do 
not apply accurately to many individual foods. IVhile the factor 4 ap- 
plies to the mixture of proteins in the U.S. diet, the value for eggs is 
4.35, meat 4.25, cereals 3.7, legumes 3.2, etc. Similarly the carbohydrate 
factors for individual foods range from 4.1 for cereals to 3.6 for fruits. 
Thus, the fuel values for certain individual foods as they appear in 
tables of food composition, calculated bj' the use of the average factors, 
4-9-4, can be considered only approximations. The errors here tend to 
balance out in calculating the fuel values of mixed diets similar to the 
average diet upon which the factors are based and thus are of no great 
concern. But tliis is not true for certain food combinations and the 
errors involved in the individual values should he recognized in connec- 
tion with controlled experiments with diets which vary markedly in 
make-up from the pattern on which the overall values, 4-9-4, are based. 
For example, if one desired to compare a diet of animal products ivith 
a diet of cereals, legumes, and vegetables, at the same caloric level, and 
used the factors, 4-9-4, for both combinations, the desired caloric 
equality would not be achieved. 

The real problem in the use of the Atwater factors arises in connec- 
tion ivith diets which arc markedly different in food make-up fi'om the 
average mixed diet upon which they are based. Compared with the 
latter, the XJ.K. wartime diet is lower in animal products and higher in 
potatoes and cereals. Thus the Atwater factors would tend to over- 
value it because animal protein has a higher fuel value than vegetable 
protein. The cereal carbohydrate of the Atwater diet came very largely 
from highly milled flour, as is the case for the present U.S.A. diet. The 
flour of the XJ.K. wartime diet, however, is an 85% extraction, and its 
energy is somewhat less digestible than the highly milled products. 

Thus, on this basis, the Atwater factors tend to overvalue the calories 
of a diet such as the present XJ.K. combination which contains over 
one-third of its calories from this somewhat less digestible source. 
These considerations undoubtedly influenced U.K. authorities in adopt- 
ing their present procedure. The overvaluation which might result 
from the use of the factors, 4-9-4, becomes of greater concern in con- 
nection with the wartime diets of occupied countries which consist 
much more largely of foods of plant origin, and particularly of loss re- 
fined foods higher in fiber and thus less digestible. For the same reasons 
tlieir application to the nsnal diets of Eastern peoples is subject to 
error. 
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A-twatfer D6V6r iiit 6 iid. 0 d. tliat tli6 factoi's, 4r-9— 4, sliould. bo applied, witb- 
out modification to all diets. His data reproduced in tlie table provide 
tlie basis for deriving other sets of overall factors for any combination 
of the food gronps and thus for any diet made hp largely of the groups' 
listed. As an alternative, the individual fuel value for each nutrient of 
each food or food group, as listed in column F, could he applied to the 
corresponding nutrient supply data to arrive at caloric values by foods 
or food groups, and their values could then be totalled to give the 
calories for the diet as a -whole. In this way the Atwater system could 
be applied to any diet, -without introducing the errors inherent in the 
average factors for diets differing widely from the original average 
mixed diet. For either of these procedures a figure for vegetable fats 
as such, not provided hy the Atwater table, is required. It would seem 
that they should he assigned the fuel value of 9, the same as animal fats, 
rather than the figure of 8.35 which Atwater lists for fats in “vegetable 
food”. Further, factors would need to be provided for cereals of low 
extraction. There are digestion data in the literature which could 
furnish the basis for such factors. 

The above procedures -would of course greatly increase the calcula- 
tions required compared with the present use of a single set of factors 
for the diet as a whole, A short-cut- procedure which would correct 
for significant deviations in the proportions of foods of plant and auimal 
origin from the pattern of the average mixed diet would involve a re- 
weighting of the average values accordingly. Atwater’s overall fuel 
value of 4 for protein is based upon an approximately 60 : 40 distribu- 
tion of animal protein averaging 4.25 cal, per gram and of vegetable 
protein averaging 3.55 cal. A 30:70 distribution, would give an overall 
value of 3.75. Thus, for any diet an appropriate overall value for 
protein could be calculated hy weighting Atwater’s values for the two 
classes of protein in accordance -with the proportions of each present. 
Similarly, appropriate values could be computed for fat and carbo- 
hydrates, This procedure would not take account of variations caused 
by large and significant differences in food distribution -within the two’ 

gronps. ^ . 1 a f 

Thus, another alternative might involve a condensation of the data 
of the groups of the original Atwater table to provide values such as 
those listed in table 2. Here values for cereals of 85% extraction have 
been included, based upon digestion studies of the TJ.K. wartime flotu. 
In applying the data in this table to the food supply for a given country, 
the overall value for calculating its protein calories could be easily de- 
rived as an average of the individual values, weighted in accordance 
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vith tlie proportions of tlie different classes of foods present. Similarly, 
an appropriate value for fat could be obtained. It ivould be little dif- 
ferent from tbe present Atrrater value because sucli a small portion 
of fat is supplied from foods other than animal products and animal 
and vegetable fats as such. Similarly, an appropriate value to be ap- 
plied to “total” carbohydrates mould not be significantly lomer than 4, 
except for diets, for mhicb a substantial proportion of the carbohydrate 
calories is furnished by cereals of low extraction. The table could be 
condensed, or made more detailed. A study of Atwater’s basic data 
might modify some of the values. They serve here merely to illustrate 
one possible solution of the problem. 

TABLE 2 


Condensation o/ orvpinal .^Iticater tabic of fuel valuett of nutrients tn dtfereni groups of 
food materials. 



PROTEIK 

TAT 

TOTAL 

CAMOUTDRATra 

Animnl products 

4.25 

9.00 

3.8 

Animal and vegetable fata 


9.00 


CereaU extr.) 

3.70 — 

1 

4.1 

(85% e:<tr.) 

3.60 

[ 

3.8 

Pulses and nuts 

3.20- 

> 8.35 

4.0 

Vegetables (including potatoes) 

2.90 


4.0 

Fruits 

3.15 — 

J 

3.0 

Sugar (sucrose) 



3.85 


Any of these procedures could be modified to utilize the “available 
carbohydrate” basis, and the gross caloric values in column B of At- 
water’s table, if that were deemed desirable. For reasons discussed in 
this review the writer does not favor the adoption of this basis at the 
present. Particularly, certain procedures employed in its use by the 
M.E.C. seem questionable if the experimental basis of the Atwater 
system is accepted. 

The possible procedures here outlined for adapting the Atwater sys- 
tem to diets differing widely from those upon which the factors, 4-9-4, 
were derived increase the computations which must be made. How far 
it is worthwhile to attempt to refine the original procedure, in view of 
errors inherent in estimating food supplies and of the variability repre- 
sented in data as to “average composition”, may be questioned. But 
for international comparisons, in which there are wide differences in 
the character of the food supplies, some modifications from the use of 
a single set of overall factors, but still having a common basis, seem 
essential. Unless there is a comparable basis for computing caloric 
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■ Atwater never intended that the factors, 4^9-4, should he applied ^ritli- 
out iQodification to all diets. His data reproduced in the table provide 
the basis for deriving other sets of overall factors- for any combiuation 
of the food groups and thus for any diet made up largely of the groups' 
listed. As an alternative, the individual fuel value for each nutrient of 
each food or food group, as listed in column F, could be applied to the 
corresponding nutrient supply data to arrive at calorie values by foods 
or food groups, and their values could then he totalled to give tbe 
calories for the diet as a whole. In this way the Atwater system could 
he applied to any diet, %vithout introducing the errors inherent in tbe 
average factors for diets differing widely from the original average 
mixed diet. For either of these procedures a figure for vegetable fats 
as such, not provided by the Atwater table, is required. It would seem 
that they should he assigned the fuel value of 9, the same as animal fats, 
rather than the figure of 8.35 which Atwater lists for fats in “vegetable 
food”. Further, factors would need to he provided for cereals of low 
extraction. There are digestion data in the literature which could 
furnish the basis for such factors. 

The above procedures would of course greatly increase the calcula- ■ 
tions required compared with the present use of a single set of factors 
for the diet as a whole. A short-cut procedure which would correct 
for significant deviations in the proportions of foods of plant and animal 
origin from the pattern of the average mixed diet would. involve a re- 
weighting of the average values accordingly. Atwater’s overall fuel 
value of 4 for protein is based upon an approximately 60 : 40 distribu- 
tion of animal protein averaging 4.25 cal. per gram and of vegetable 
protein averaging 3.55 cal. A 30 : 70 distribution, would give an overall 
value of 3.75. Thus, for any diet an appropriate overall value for 
protein could he calculated by weighting Atwater’s values for the two 
classes of protein in accordance with the proportions of each present. 
Similarly, appropriate values could be computed for fat and carbo- 
hydrates. This procedure would not take account of variations caused 
by large and significant differences in food distribution within the two 
groups. 

Thus, another alternative might involve a condensation of the data 
of the groups of the original Atwater table to provide values such as 
those listed in table 2. Here values for cereals of 85% extraction have 
been included, based upon digestion studies of the TT.K. wartime floui.. 
In applying the data in this table to the food supply for a given country, 
the overall value for calculating its protein calories could be easily de- 
rived as an average of the individual values, weighted in accordance 
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